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SECTION 01090

SOURCES FOR REFERENCE PUBLICATIONS

PART 1   GENERAL

1.1   REFERENCES

Various publications are referenced in other sections of the specifications 
to establish requirements for the work.  These references are identified in 
each section by document number, date and title.  The document number used 
in the citation is the number assigned by the sponsoring organization, e.g. 
  ASTM B 564 Nickel Alloy Forgings.  However, when the sponsoring 
organization has not assigned a number to a document, an identifying number 
has been assigned for reference purposes.

1.2   ORDERING INFORMATION

The addresses of the organizations whose publications are referenced in 
other sections of these specifications are listed below, and if the source 
of the publications is different from the address of the sponsoring 
organization, that information is also provided.  Documents listed in the 
specifications with numbers which were not assigned by the sponsoring 
organization should be ordered from the source by title rather than by 
number.

ACI INTERNATIONAL (ACI)

P.O. Box 9094
Farmington Hills, MI  48333-9094
Ph:   248-848-3700
Fax:  248-848-3701
Internet:  http://www.aci-int.org
AOK 6/00
LOK 6/00

AGRICULTURAL MARKETING SERVICE (AMS)

Seed Regulatory and Testing Branch
USDA, AMS, LS Div.
Room 209, Bldg. 306, BARC-East
Beltsville, MD  20705-2325
Ph:  301-504-9430
Fax:  301-504-8098
Internet:  http://www.ams.usda.gov/lsg
e-mail:  james_p_triplitt@usda.gov
AOK 6/00
LOK 6/00

AIR CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

4301 North Fairfax Dr., Suite 425
ATTN:  Pubs Dept.
Arlington, VA  22203
Ph:  703-524-8800
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Fax:  703-528-3816
E-mail:  ari@ari.org
Internet: www.ari.org
AOK 6/00
LOK 6/00

AIR MOVEMENT AND CONTROL ASSOCIATION (AMCA)

30 W. University Dr.
Arlington Heights, IL  60004-1893
Ph:  847-394-0150
Fax:  847-253-0088
Internet:  www.amca.org
AOK 6/00
LOK 6/00

ALUMINUM ASSOCIATION (AA)

900 19th Street N.W.
Washington, DC  20006
Ph:  202-862-5100
Fax:  202-862-5164
Internet:  www.aluminum.org
AOK 6/00
LOK 6/00

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

444 N. Capital St., NW, Suite 249
Washington, DC  20001
Ph:  800-231-3475 202-624-5800
Fax:  800-525-5562 202-624-5806
Internet:  www.aashto.org
AOK 6/00
LOK 6/00

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)

1330 Kemper Meadow Dr.
Suite 600
Cincinnati, OH  45240
Ph:  513-742-2020
Fax:  513-742-3355
Internet:  www.acgih.org
E-mail:  pubs@acgih.org
AOK 6/00
LOK 6/00

AMERICAN FOREST & PAPER ASSOCIATION (AF&PA)

American Wood Council
ATTN:  Publications Dept.
1111 Nineteenth St. NW, Suite 800
Washington, DC  20036
Ph:  800-294-2372 202-463-2700
Fax: 202-463-2471
Internet:  http://www.afandpa.org
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AOK 6/00
LOK 6/00

AMERICAN HARDBOARD ASSOCIATION (AHA)

1210 W. Northwest Highway
Palatine, IL  60067
Ph:  847-934-8800
Fax:  847-934-8803

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

One East Wacker Dr., Suite 3100
Chicago, IL  60601-2001
Ph:  312-670-2400
Publications: 800-644-2400
Fax:  312-670-5403
Internet:  www.aisc.org
AOK 6/00
LOK 6/00

AMERICAN INSTITUTE OF TIMBER CONSTRUCTION (AITC)

7012 So. Revere Parkway, Suite 140
Englewood, CO  80112
Ph:  303-792-9559
Fax:  303-792-0669
Internet:  www.aitc-glulam.org
AOK 6/00
LOK 6/00

AMERICAN IRON AND STEEL INSTITUTE (AISI)

1101 17th St., NW Suite 1300
Washington, DC 20036
Ph:  202-452-7100
AOK 6/00
LOK 6/00

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

11 West 42nd St
New York, NY  10036
Ph:  212-642-4900
Fax:  212-398-0023
Internet:  www.ansi.org/
Note:  Documents beginning with the letter "S" can be ordered from:
Acoustical Society of America
P. O. Box 1020
Sweickley, PA  15143-9998
Ph:  412-741-1979
Fax:  412-741-0609
Internet: asa.aip.org  
AOK 6/00
LOK 6/00

AMERICAN NURSERY AND LANDSCAPE ASSOCIATION (ANLA)

1250 I St., NW, Suite 500
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Washington, DC  20005-3922
Ph:  202-789-2900
FAX: 202-789-1893
AOK 6/00
LOK 6/00

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

100 Barr Harbor Drive
West Conshohocken, PA  19428-2959
Ph: 610-832-9585
Fax:  610-832-9555
Internet:  www.astm.org
AOK 6/00
LOK 6/00

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

1801 Alexander Bell Drive
Reston, VA  20190-4400
Ph:  703-295-6300 - 800-548-2723
Fax:  703-295-6222
Internet:  www.asce.org
e-mail:  marketing@asce.org
AOK 6/00
LOK 6/00

AMERICAN SOCIETY OF SANITARY ENGINEERING FOR PLUMBING AND SANITARY 
RESEARCH (ASSE)

901 Canterbury, Suite A
Westlake, OH  44145
Ph:  440-835-3040
Fax:  440-835-3488
E-mail:  asse@ix.netcom.com
Internet: www.asse-plumbing.org
AOK 6/00
LOK 6/00

AMERICAN WATER WORKS ASSOCIATION(AWWA)

6666 West Quincy
Denver, CO  80235
Ph:  800-926-7337 - 303-794-7711 
Fax: 303-347-0804
Internet:  www.awwa.org
AOK 6/00
LOK 6/00

AMERICAN WELDING SOCIETY (AWS)

550 N.W. LeJeune Road
Miami, FL  33126
Ph:  800-443-9353 - 305-443-9353
Fax:  305-443-7559
Internet: http://www.amweld.org
AOK 6/00
LOK 6/00
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AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA)

P.O. Box 5690
Grandbury, TX  76049-0690
Ph:  817-326-6300
Fax:  817-326-6306
Internet: http://www.awpa.com
AOK 8/00
LOK 6/00

APA - THE ENGINEERED WOOD ASSOCIATION (APA)

P.O.Box 11700
Tacoma, WA  98411-0700
Ph: 253-565-6600
Fax:  253-565-7265
Internet:  www.apawood.org
AOK 8/00
LOK 6/00

ARCHITECTURAL WOODWORK INSTITUTE (AWI)

1952 Isaac Newton Square West
Reston, VA 20190
Ph:  703-733-0600
Fax:  703-733-0584
Internet:  www.awinet.org
AOK 8/00
LOK 6/00

ASME INTERNATIONAL (ASME)

Three Park Avenue
New York, NY 10016-5990
Ph:  212-591-7722
Fax:  212-591-7674
Internet:  www.asme.org
AOK 8/00
LOK 6/00

ASPHALT INSTITUTE (AI)

Research Park Dr.
P.O. Box 14052
Lexington, KY  40512-4052
Ph:  606-288-4960
Fax:  606-288-4999
Internet:  www.asphaltinstitute.org
AOK 8/00
LOK 6/00

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

600 No. 18th St.
P.O. Box 2641
Birmingham, AL  35291
Ph:  205-257-2530
Fax:  205-257-2540
Internet:  http://www.aeic.org
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AOK 8/00
LOK 6/00

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

355 Lexington Ave.
17th floor
New York, NY  10017-6603
Ph:  212-297-2100
Fax: 212-370-9047
Internet:  www.buildershardware.com
AOK 8/00
LOK 6/00

CALIFORNIA DEPARTMENT OF TRANSPORTATION (CDT)

Publication Distribution Unit
1900 Royal Oaks Dr.
Sacramento, CA  95815
Ph:  916-445-3520 or 916-227-7000 (CA Transportation Lab)
Fax:  916-324-8997

CALIFORNIA REDWOOD ASSOCIATION (CRA)

405 Enfrente Drive., Suite 200
Novato, CA  94949
Ph:  415-382-0662
Fax:  415-382-8531
Internet:  www.calredwood.org
AOK 8/00
LOK 6/00

CAST IRON SOIL PIPE INSTITUTE (CISPI)

5959 Shallowford Rd., Suite 419
Chattanooga, TN  37421
Ph:  423-892-0137
Fax:  423-892-0817
Internet:  www.cispi.org
AOK 8/00
LOK 6/00

CODE OF FEDERAL REGULATIONS (CFR)

Order from:
Government Printing Office
Washington, DC  20402
Ph:  202-512-1800
Fax:  202-275-7703
Internet:  http://www.gpo.gov
AOK 8/00
LOK 6/00

COMMERCIAL ITEM DESCRIPTIONS (CID)

Order from:
General Services Administration
Federal Supply Service Bureau
470 E L'Enfant Plaza, S.W., Suite 8100
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Washington, DC  20407
Ph:  202-619-8925
Internet:  http://pub.fss.gsa.gov/h1-pub.html
LOK 6/00

COPPER DEVELOPMENT ASSOCIATION (CDA)

260 Madison Ave.
New York, NY 10016
Ph:  212-251-7200
Fax:  212-251-7234
E-mail:  http://www.copper.org
AOK 8/00
LOK 6/00

DEPARTMENT OF COMMERCE (DOC)

Order From:
National Technical Information Service
5285 Port Royal Road
Springfield, VA  22161
Ph:  703-605-6000
Fax:  703-605-6900
Internet:  http://www.ntis.gov
AOK 8/00
LOK 6/00

DOOR AND HARDWARE INSTITUTE (DHI)

14150 Newbrook Dr.Suite 200
Chantilly, VA 20151-2223
Ph:  703-222-2010
Fax:  703-222-2410
Internet:  www.dhi.org
E-mail:  techdept@dhi.org
AOK 8/00
LOK 6/00

DUCTILE IRON PIPE RESEARCH ASSOCIATION (DIPRA)

245 Riverchase Parkway East, Suite 0
Birmingham, AL  35244
Ph:  205-402-8700
Fax:  205-402-8730
Internet:  www.dipra.org
E-mail:  info@dipra.org
AOK 8/00
LOK 6/00

EIFS INDUSTRY MEMBERS ASSOCIATION (EIMA)

3000 Corporate Center Drive, Suite 270
Morrow, GA  30260
Ph:  770-968-7945
Fax:  700-968-5818
Internet: www.eifsfacts.com
AOK 8/00
LOK 6/00
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ELECTRONIC INDUSTRIES ALLIANCE (EIA)

2500 Wilson Blvd.
Arlington, VA  22201-3834
Ph:  703-907-7500
Fax: 703-907-7501
Internet:  www.eia.org
AOK 8/00
LOK 6/00

ENGINEERING MANUALS (EM)

USACE Publications Depot
Attn:  CEIM-SP-D
2803 52nd Avenue
Hyattsville, MD  20781-1102
Ph: 301-394-0081
Fax: 301-394-0084
Internet: www.usace.army.mil
AOK 8/00
LOK 6/00

FACTORY MUTUAL ENGINEERING AND RESEARCH (FM)

500 River Ridge Drive
Norwood, MA  02062
Ph:  781-440-8000
Ph:  (Toll-Free):  877-364-6726
Fax:  718-440-8742
Internet:  www.fmglobal.com
AOK 8/00
LOK 6/00

FEDERAL HIGHWAY ADMINISTRATION (FHWA)

Office of Highway Safety (HHS-31)
400 Seventh St., SW
Washington, DC  20590-0001
Ph:  202-366-0411
Fax:  202-366-2249
Internet: www.fhwa.dot.gov
Order from:
Government Printing Office
Superintendent of Documents
Washington, DC  20402
Ph:  202-783-3238
AOK 8/00
LOK 6/00

FEDERAL SPECIFICATIONS (FS)

Order from:
General Services Administration
Federal Supply Service Bureau
470 L'Enfant Plaza, S.W.
Washington, DC  20407
Ph:  202-619-8925
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Fax:  202-619-8978
Internet:  http://pub.fss.gsa.gov/

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

University of South California
Kaprielian Hall 200
Los Angeles, CA  90089-2531
Ph:  213-740-2032
Fax:  213-740-8399
Internet: www.usc.edu
AOK 8/00
LOK 6/00

GLASS ASSOCIATION OF NORTH AMERICA (GANA)

2945 SW Wanamaker Drive, Suite A
Topeka, KS  66614-5321
Ph:  785-271-0208
Fax:  785-271-0166
Internet:www.glasswebsite.com
AOK 8/00
LOK 6/00

GYPSUM ASSOCIATION (GA)

810 First St. NE, Suite 510
Washington, DC 20002
Ph:  202-289-5440
Fax:  202-289-3707
Internet: www.gypsum.org
AOK 8/00
LOK 6/00

STATE OF HAWAII DEPARTMENT OF HEALTH (HIDOH)

P.O. Box 3378
Honolulu, Hawaii  96801
Fax:  808-947-0997

HAWAII DEPARTMENT OF TRANSPORTATION HIGHWAYS DIVISION (DOT-HSSRBC)

Standard Specifications for Road, Bridge, and Public Work 
869 Punchbowl
Honolulu, Hawaii  96813
Ph:  808-587-2150

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

869 Punchbowl Street, Room 304
Honolulu, Hawaii  96813
Phone :  808-587-2125

ILLUMINATING ENGINEERING SOCIETY OF NORTH AMERICA (IESNA)

120 Wall St., 17th Floor
New York, NY  10005-4001
Ph:  212-248-5000
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Fax:  212-248-5017
Internet:  www.iesna.org
AOK 8/00
LOK 6/00

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

445 Hoes Ln, P. O. Box 1331
Piscataway, NJ  08855-1331
Ph:  732-981-0060 OR 800-701-4333
Fax:  732-981-9667
Internet:  www.ieee.org
E-mail: customer.service@ieee.org
AOK 8/00
LOK 6/00

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS (ICBO)

5360 Workman Mill Rd.
Whittier, CA  90601-2298
Ph:  800-284-4406
Ph:  310-699-0541
Fax:  310-692-3853
Internet:  icbo.org
AOK 8/00
LOK 6/00

INTERNATIONAL MUNICIPAL SIGNAL ASSOCIATION (IMSA)

P.O. Box 539
165 East Union St.
Newark, NY  14513-0539
Ph:  315-331-2182
Ph:  800-723-4672
Fax:  315-331-8205
Internet:  www.imsasafety.org
AOK 8/00
LOK 6/00

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

127 Park St., NE
Vienna, VA  22180-4602
Ph:  703-281-6613
Fax:  703-281-6671
Internet:  www.mss-hq.com
e-mail:  info@mss-hq.com
AOK 8/00
LOK 6/00

MARBLE INSTITUTE OF AMERICA (MIA)

30 Eden Alley, Suite 301
Columbus, OH 43215
Ph:  614-228-6194
Fax:  614-461-1497
Internet:  www.marble-institute.com
e-mail:  miaadmin@marble-institute.com
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AOK 8/00
LOK 6/00

MILITARY SPECIFICATIONS (MS)

Order from:
Standardization Documents Order Desk
Building 4, Section D
700 Robbins Ave.
Philadelphia, PA 19111-5094
Ph:  215-697-5147
Fax:  215-697-5148
Internet:  www.dodssp.daps.mil
AOK 8/00
LOK 6/00

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

8 S. Michigan Ave, Suite 1000
Chicago, IL  60603
Ph:  312-782-4951
Fax:  312-332-0706
Internet:  www.naamm.org
e-mail>  naamm@gss.net
AOK 8/00
LOK 6/00

NATIONAL ASSOCIATION OF PLUMBING-HEATING-COOLING CONTRACTORS 
(NAPHCC)

180 S. Washington Street
P.O. Box 6808
Falls Church, VA  22040
Ph:  800-533-7694
Fax:  703-237-7442
Internet:  www.naphcc.org
AOK 8/00
LOK 6/00

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

1300 N. 17th St., Suite 1847
Rosslyn, VA  22209
Ph: 703-841-3200
Fax:  703-841-3300
Internet:  http//www.nema.org/
AOK 8/00
LOK 6/00

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

1 Batterymarch Park
P.O. Box 9101
Quincy, MA  02269-9101
Ph: 617-770-3000
Fax:  617-770-0700
Internet:  www.nfpa.org
NOTE:  The complete set of 1997 NFPA National Fire Codes (13 Vol.) 
is available for $835.00.
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AOK 8/00
LOK 8/00

NATIONAL HARDWOOD LUMBER ASSOCIATION (NHLA)

P.O. Box 34518
Memphis, TN  38184-0518
Ph:  901-377-1818
Fax:  901-382-6419
e-mail:  nhla@natlhardwood.org
Internet:  natlhardwood.org
AOK 8/00
LOK 6/00

NATIONAL WOOD WINDOW & DOOR ASSOCIATION (NWWDA)

1400 East Touhy Ave., Suite 470
Des Plaines, IL  60018
Ph:  847-299-5200 800-223-2301
Fax:  708-299-1286
Internet:  wwwnwwda.org
e-mail:  admin@wdma.com
AOK 8/00
LOK 6/00

NORTHEASTERN LUMBER MANUFACTURERS ASSOCIATION (NELMA)

272 Tuttle Road
P.O. Box 87A
Cumberland Center, ME  04021
Ph:  207-829-6901
Fax:  207-829-4293
Internet:  www.nelma.org
e-mail:  nelma@javanet.com
AOK 8/00
LOK 6/00

PLUMBING AND DRAINAGE INSTITUTE (PDI)

45 Bristol Dr.
South Easton, MA  02375
Ph:  508-230-3516 or 800-589-8956
Fax:  508-230-3529
Internet:  www.pdionline.org
E-Mail: info@pdionline.org
AOK 8/00
LOK 6/00

RURAL UTILITIES SERVICE (RUS)

ATTN:  Publications
14th and Independence Ave., SW, Room 4028-S
Washington, DC  20250
Ph:  202-720-8674 OR 202-720-8679
Fax:  202-205-3654
Internet:  www.usda.gov/rus

SHEET METAL & AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
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(SMACNA)

4201 Lafayette Center Dr.,
Chantilly, VA  20151-1209
Ph:  703-803-2980
Fax:  703-803-3732
Internet:  http://www.smacna.org
e-mail: info@smacna.org 
AOK 8/00
LOK 6/00

SOUTHERN CYPRESS MANUFACTURERS ASSOCIATION (SCMA)

400 Penn Center Boulevard, Suite 530
Pittsburgh, PA  15235
Ph:  412-829-0770
Fax: 412-829-0844
Internet:  www.cypressinfo.org
AOK 8/00
LOK 6/00

SOUTHERN PINE INSPECTION BUREAU (SPIB)

4709 Scenic Highway
Pensacola, FL  32504-9094
Ph:  850-434-2611
Fax:  850-433-5594
e-mail:  spib@spib.org
Internet:  www.spib.org
AOK 8/00
LOK 6/00

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

40 24th Street, 6th Floor
Pittsburgh, PA  15222-4656
Ph:  412-281-2331
Fax: 412-281-9992
Internet: www.sspc.org
AOK 8/00
LOK 6/00

NOTE:  SSPC documents, except as noted otherwise, are available 
only as a part of the 1995 Steel Structures Painting Manual, 7th 
Edition @ $115.00. 

STEEL DOOR INSTITUTE (SDOI)

30200 Detroit Rd.
Cleveland, OH  44145-1967
Ph: 440-899-0010
Fax:  440-892-1404
Internet:  www.steeldoor.org
AOK 8/00
LOK 6/00

TILE COUNCIL OF AMERICA (TCA)

SECTION 01090  Page 14



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

100 Clemson Research Blvd
Anderson, SC 29625
Ph:  864-646-8453
FAX: 864-646-2821
Internet:  www.tileusa.com
e-mail:  literature@tileusa.com
AOK 8/00
LOK 6/00

TRUSS PLATE INSTITUTE (TPI)

583 D'Onofrio Dr., Suite 200
Madison, WI  53719
Ph:  608-833-5900
Fax:  608-833-4360
AOK 8/00
LOK 6/00

UNDERWRITERS LABORATORIES (UL)

333 Pfingsten Rd.
Northbrook,  IL  60062-2096
Ph:  847-272-8800
Fax: 847-272-8129
Internet:  http://www.ul.com/
e-mail:  northbrook@us.ul.com
AOK 8/00
LOK 6/00

UNI-BELL PVC PIPE ASSOCIATION (UBPPA)

2655 Villa Creek Dr., Suite 155
Dallas, TX  75234
Ph:  214-243-3902
Fax:  214-243-3907
Internet:  www.uni-bell.org
e-mail:  info@uni-bell.org
AOK 8/00
LOK 6/00

WEST COAST LUMBER INSPECTION BUREAU (WCLIB)

P.O. Box 23145
Portland, OR  97281
Ph:  503-639-0651
Fax:  503-684-8928
internet:  www.wclib.org
e-mail:  info@wclib.org
AOK 8/00
LOK 6/00

WESTERN WOOD PRODUCTS ASSOCIATION (WWPA)

Yeon Bldg.
522 SW 5th Ave.
Suite 500
Portland, OR  97204-2122
Ph:  503-224-3930
Fax:  503-224-3934
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Internet:  www.wwpa.org
e-mail:  info@wwpa.org
AOK 8/00
LOK 6/00

        -- End of Section --

SECTION 01090  Page 16



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION TABLE OF CONTENTS

DIVISION 01 - GENERAL REQUIREMENTS

SECTION 01312

RESIDENT MANAGEMENT SYSTEM (RMS)

PART 1   GENERAL

  1.1   GENERAL
    1.1.1   Correspondence and Electronic Communications
    1.1.2   Other Factors
  1.2   REFERENCES
  1.3   RMS-QC SOFTWARE
  1.4   SYSTEM REQUIREMENTS
  1.5   RELATED INFORMATION
    1.5.1   RMS-QC User Guide
    1.5.2   Contractor Quality Control(CQC) Training 
    1.5.3   Video Training for RMS-QC 
  1.6   CONTRACT DATABASE
  1.7   DATABASE MAINTENANCE 
    1.7.1   Administration
      1.7.1.1   Contractor Information
      1.7.1.2   Subcontractor Information
      1.7.1.3   Correspondence
      1.7.1.4   Requests for Information 
      1.7.1.5   Equipment 
      1.7.1.6   EM 385-1-1, Corps of Engineers Safety Manual and RMS 

Linkage 
      1.7.1.7   Management Reporting
    1.7.2   Finances
      1.7.2.1   Pay Activity Data
      1.7.2.2   Payment Requests
    1.7.3   Quality Control (QC)
      1.7.3.1   Daily Contractor Quality Control (CQC) Reports.
      1.7.3.2   Deficiency Tracking.
      1.7.3.3   Three-Phase Control Meetings
      1.7.3.4   Accident/Safety Tracking.
      1.7.3.5   Features of Work
      1.7.3.6   QC Requirements
    1.7.4   Submittal Management
    1.7.5   Schedule
    1.7.6   Import/Export of Data
  1.8   IMPLEMENTATION
  1.9   DATA SUBMISSION VIA COMPUTER DISKETTE OR CD-ROM
    1.9.1   File Medium 
    1.9.2   Disk or CD-ROM Labels
    1.9.3   File Names
  1.10   MONTHLY COORDINATION MEETING
  1.11   NOTIFICATION OF NONCOMPLIANCE

PART 2   PRODUCTS (Not Applicable)

SECTION 01312  Page 1



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

PART 3   EXECUTION (Not Applicable)

-- End of Section Table of Contents --

SECTION 01312  Page 2



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION 01312

RESIDENT MANAGEMENT SYSTEM (RMS)

PART 1   GENERAL

1.1   GENERAL

The Government will use the Resident Management System for Windows (RMS-W) 
to assist in its monitoring and administration of this contract.  The 
Contractor shall use the Government-furnished Construction Contractor 
Module of RMS-Windows, referred to as RMS-QC (QC for Quality Control), to 
record, maintain, and submit various information throughout the contract 
period.  This joint Government-Contractor use of RMS-W and RMS-QC will 
facilitate electronic exchange of information and overall management of the 
contract.  RMS-QC provides the means for the Contractor to input, track, 
and electronically share information with the Government in the following 
areas:

Administration
Finances
Quality Control
Submittal Monitoring
Scheduling
Import/Export of Data

1.1.1   Correspondence and Electronic Communications

For ease and speed of communications, both Government and Contractor will, 
to the maximum extent feasible, exchange correspondence and other documents 
in electronic format.  Correspondence, pay requests and other documents 
comprising the official contract record shall also be provided in paper 
format, with signatures and dates where necessary.  Paper documents will 
govern, in the event of discrepancy with the electronic version.

1.1.2   Other Factors

Particular attention is directed to Contract Clause, "Schedules for 
Construction Contracts", Contract Clause, "Payments", Section 01320, 
"Project Schedule", Section 01330, SUBMITTAL PROCEDURES, and Section 01451, 
CONTRACTOR QUALITY CONTROL, which have a direct relationship to the 
reporting to be accomplished through RMS-QC.  Also, there is no separate 
payment for establishing and maintaining the RMS-QC database; all costs 
associated therewith shall be included in the contract pricing for the work.

1.2   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ENGINEERING MANUALS (EM)

EM 385-1-1 U.S. Army Corps of Engineers Safety and 
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Health Requirement Manual 
1.3   RMS-QC SOFTWARE

RMS-QC is a Windows-based program that can be run on a stand-alone personal 
computer or on a network.  The Government will make available the RMS-QC 
software to the Contractor after award of the construction contract.  Prior 
to the Pre-Construction Conference, the Contractor shall be responsible to 
download, install and use the latest version of the RMS-QC software from 
the Government's RMS Internet Website.  Upon specific justification and 
request by the Contractor, the Government can provide RMS-QC on  
high-density diskettes or CD-ROM.  Any program updates of RMS-QC will be 
made available to the Contractor via the Government RMS Website as they 
become available.

1.4   SYSTEM REQUIREMENTS

The following listed hardware and software is the minimum system 
configuration that the Contractor shall have to run RMS-QC:

Hardware

IBM-compatible PC with 200 MHz Pentium or higher processor

32+ MB RAM

4 GB hard drive disk space for sole use by the RMS-QC system

3 1/2 inch high-density floppy drive

Compact disk (CD) Reader

Color monitor

Laser printer compatible with HP LaserJet III or better, with 
minimum 4 MB installed memory.

Connection to the Internet, minimum 28 BPS

Software

Microsoft (MS) Access 97 or newer version database software

MS Windows 95 or newer version operating system (MS Windows NT 4.0 
or newer is recommended)

Word Processing software compatible with MS Word 97 or newer

Internet browser

The Contractor's computer system shall be protected by virus 
protection software that is regularly upgraded with all issued 
manufacturer's updates throughout the life of the contract.

Electronic mail (E-mail) compatible with MS Outlook 

1.5   RELATED INFORMATION

1.5.1   RMS-QC User Guide
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After contract award, the Contractor shall download instructions for the 
installation and use of RMS-QC from the Government RMS Internet Website; 
the Contractor can obtain the current address from the Government.   In 
case of justifiable difficulties, the Government will provide the 
Contractor with a CD-ROM containing these instructions.

1.5.2   Contractor Quality Control(CQC) Training 

The use of RMS-QC will be discussed with the Contractor's QC System Manager 
during the mandatory CQC Training class.

1.5.3   Video Training for RMS-QC 

After contract award, the Contractor will be provided with a CD containing 
a training video on the use of RMS-QC.

1.6   CONTRACT DATABASE

Prior to the pre-construction conference, the Government shall provide the 
Contractor with basic contract award data to use for RMS-QC.  The 
Government will provide data updates to the Contractor as needed, generally 
by files attached to E-mail.  These updates will generally consist of 
submittal reviews, correspondence status, QA comments, and other 
administrative and QA data.

1.7   DATABASE MAINTENANCE 

Unless otherwise directed by the Contracting Officer the Contractor shall 
establish, maintain, and update data for the contract in the RMS-QC 
database throughout the duration of the contract.  The Contractor shall 
establish and maintain the RMS-QC database.  Data updates to the Government 
shall be submitted by E-mail with file attachments, e.g., daily reports, 
schedule updates, payment requests. If permitted by the Contracting 
Officer, a data diskette or CD-ROM may be used instead of E-mail (see 
Paragraph DATA SUBMISSION VIA COMPUTER DISKETTE OR CD-ROM).  The RMS-QC 
database typically shall include current data on the following items:

1.7.1   Administration

1.7.1.1   Contractor Information

The database shall contain the Contractor's name, address, telephone 
numbers, management staff, and other required items.  Within 14 calendar 
days of receipt of RMS-QC software from the Government, the Contractor 
shall deliver Contractor administrative data in electronic format via 
E-mail.

1.7.1.2   Subcontractor Information

The database shall contain the name, trade, address, phone numbers, and 
other required information for all subcontractors.  A subcontractor must be 
listed separately for each trade to be performed.  Each subcontractor/trade 
shall be assigned a unique Responsibility Code, provided in RMS-QC.  Within 
14 calendar days of receipt of RMS-QC software from the Government, the 
Contractor shall deliver subcontractor administrative data in electronic 
format via E-mail.

1.7.1.3   Correspondence
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All Contractor correspondence to the Government shall be identified with a 
serial number.  Correspondence initiated by the Contractor's site office 
shall be prefixed with "S".  Letters initiated by the Contractor's home 
(main) office shall be prefixed with "H".  Letters shall be numbered 
starting from 0001.  (e.g., H-0001 or S-0001).  The Government's letters to 
the Contractor will be prefixed with "C".

1.7.1.4   Requests for Information 

RMS-QC includes a means for the Contractor to enter, log, and transmit 
requests for information (RFI) to the Government.  RFIs can be exchanged 
electronically using the import/export functions of RMS-QC.  The Contractor 
shall also provide the Government with a signed, printed copy of each RFI.  
All RFIs from the Contractor to the Government shall have the prefix "RFI" 
and shall be numbered sequentially beginning with RFI-0001. 

1.7.1.5   Equipment 

The Contractor's RMS-QC database shall contain a current list of equipment 
planned for use or being used on the jobsite, including the most recent and 
planned equipment inspection dates.

1.7.1.6   EM 385-1-1, Corps of Engineers Safety Manual and RMS Linkage 

Upon request, the Contractor can obtain a copy of the current version of 
the Safety Manual, EM 385-1-1, on CD.  Data on the CD will be accessible 
through RMS-QC, or in stand-alone mode.

1.7.1.7   Management Reporting

RMS-QC includes a number of reports that Contractor management can use to 
track the status of the project.  The value of these reports is reflective 
of the quality of the data input, and is maintained in the various sections 
of RMS-QC.  Among these reports are: Progress Payment Request worksheet, 
QA/QC comments, Submittal Register Status, Three-Phase Inspection 
checklists. 

1.7.2   Finances

1.7.2.1   Pay Activity Data

The RMS-QC database shall include a list of pay activities that the 
Contractor shall develop in conjunction with the construction schedule.  
The sum of all pay activities shall be equal to the total contract amount, 
including modifications.  Pay activities shall be grouped as directed by 
the Contracting Officer, and the sum of the activities shall equal the 
Contract Amount.

1.7.2.2   Payment Requests

All progress payment requests shall be prepared using RMS-QC.  The 
Contractor shall complete the payment request worksheet and include it with 
the payment request.  The work completed under the contract, measured as 
percent or as specific quantities, shall be updated at least monthly.  
After the update, the Contractor shall generate a payment request report 
using RMS-QC.  The Contractor shall submit the payment requests with 
supporting data by E-mail with file attachment(s).  If permitted by the 
Contracting Officer, a data diskette may be used instead of E-mail. A 
signed paper copy of the approved payment request is also required, which 
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shall govern in the event of discrepancy with the electronic version.

1.7.3   Quality Control (QC)

RMS-QC provides a means to track implementation of the 3-phase QC Control 
System, prepare daily reports, identify and track deficiencies, document 
progress of work, and support other contractor QC requirements.  The 
Contractor shall maintain this data on a daily basis.  Entered data will 
automatically output to the RMS-QC generated daily report.  The Contractor 
shall provide the Government a Contractor Quality Control (CQC) Plan within 
the time required in Section 01451, CONTRACTOR QUALITY CONTROL.  Within 
seven calendar days of Government acceptance, the Contractor shall submit a 
data diskette or CD-ROM reflecting the information contained in the 
accepted CQC Plan:  schedule, pay activities, features of work, submittal 
register, QC requirements, and equipment list.

1.7.3.1   Daily Contractor Quality Control (CQC) Reports.

RMS-QC includes the means to produce the Daily CQC Report.  The Contractor 
may use other formats to record basic QC data.  However, the Daily CQC 
Report generated by RMS-QC shall be the Contractor's official report.  Data 
from any supplemental reports by the Contractor shall be summarized and 
consolidated onto the RMS-QC-generated Daily CQC Report.  Daily CQC Reports 
shall be submitted as required by Section 01451, CONTRACTOR QUALITY 
CONTROL.  Reports shall be submitted electronically to the Government using 
E-mail or diskette within 24 hours after the date covered by the report.  
Use of either mode of submittal shall be coordinated with the government 
representative.  The Contractor shall also provide the Government a signed, 
printed copy of the daily CQC report.

1.7.3.2   Deficiency Tracking.

The Contractor shall use RMS-QC to track deficiencies.  Deficiencies 
identified by the Contractor will be numerically tracked using QC Comments. 
 The contractor shall maintain a current log of its QC comments in the 
RMS-QC database.  The Government will log the deficiencies it has 
identified using its QA comments.  The Government's QA comments will be 
included in its export file to the Contractor.  The Contractor shall 
regularly update the correction status of both QC and QA comments.

1.7.3.3   Three-Phase Control Meetings

The Contractor shall maintain scheduled and actual dates and times of 
preparatory and initial control meetings in RMS-QC.

1.7.3.4   Accident/Safety Tracking.

The Government will issue safety comments, directions, or guidance whenever 
safety deficiencies are observed.  The Government's safety comments will be 
included in its export file to the Contractor.  The Contractor shall 
regularly update the correction status of the safety comments.  In 
addition, the Contractor shall utilize RMS-QC to advise the Government of 
any accidents occurring on the jobsite.  This brief supplemental entry is 
not to be considered as a substitute for completion of mandatory reports, 
e.g., ENG Form 3394 and OSHA Form 200. 

1.7.3.5   Features of Work

The Contractor shall include a complete list of the features of work in the 
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RMS-QC database.  A feature of work may be associated with multiple pay 
activities.  However, each pay activity (see subparagraph "Pay Activity 
Data" of paragraph "Finances") will only be linked to a single feature of 
work.

1.7.3.6   QC Requirements

The Contractor shall develop and maintain a complete list of QC testing, 
transferred and installed property, and user training requirements in 
RMS-QC.  The Contractor shall update all data on these QC requirements as 
work progresses, and shall promptly provide this information to the 
Government via RMS-QC.

1.7.4   Submittal Management

The Government will provide the initial submittal register, ENG Form 4288, 
SUBMITTAL REGISTER, in electronic format.  Thereafter, the Contractor shall 
maintain a complete list of all submittals, including completion of all 
data columns as described in Section 01330, SUBMITTAL PROCEDURES.  Dates on 
which submittals are received and returned by the Government will be 
included in its export file to the Contractor.  The Contractor shall use 
RMS-QC to track and transmit all submittals.  ENG Form 4025, submittal 
transmittal form, and the submittal register update, ENG Form 4288, shall 
be produced using RMS-QC.  RMS will be used to update, store and exchange 
submittal registers and transmittals, but will not be used for storage of 
actual submittals. 

1.7.5   Schedule

The Contractor shall develop a construction schedule consisting of pay 
activities, in accordance with Contract Clause "Schedules for Construction 
Contracts", or Section 01320, PROJECT SCHEDULE, as applicable.  This 
schedule shall be input and maintained in the RMS-QC database either 
manually or by using the Standard Data Exchange Format (SDEF) (see Section 
01320 PROJECT SCHEDULE).  The updated schedule data shall be included with 
each pay request submitted by the Contractor.

1.7.6   Import/Export of Data

RMS-QC includes the ability to export Contractor data to the Government and 
to import submittal register and other Government-provided data, and 
schedule data using SDEF.

1.8   IMPLEMENTATION

Contractor use of RMS-QC as described in the preceding paragraphs is 
mandatory.  The Contractor shall ensure that sufficient resources are 
available to maintain its RMS-QC database, and to provide the Government 
with regular database updates.  RMS-QC shall be an integral part of the 
Contractor's management of quality control.

1.9   DATA SUBMISSION VIA COMPUTER DISKETTE OR CD-ROM

The Government-preferred method for Contractor's submission of updates, 
payment requests, correspondence and other data is by E-mail with file 
attachment(s).  For locations where this is not feasible, the Contracting 
Officer may permit use of computer diskettes or CD-ROM for data transfer. 
Data on the disks or CDs shall be exported using the RMS-QC built-in export 
function.  If used, diskettes and CD-ROMs will be submitted in accordance 
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with the following: 

1.9.1   File Medium 

The Contractor shall submit required data on 3-1/2" double-sided 
high-density diskettes formatted to hold 1.44 MB of data, capable of 
running under Microsoft Windows 95 or newer.  Alternatively, CD-ROMs may be 
used.  They shall conform to industry standards used in the United States.  
All data shall be provided in English.

1.9.2   Disk or CD-ROM Labels

The Contractor shall affix a permanent exterior label to each diskette and 
CD-ROM submitted.  The label shall indicate in English, the RMS-QC file 
name, full contract number, project name, project location, data date, name 
and telephone number of person responsible for the data.

1.9.3   File Names

The Government will provide the file names to be used by the Contractor 
with the RMS-QC software.

1.10   MONTHLY COORDINATION MEETING

The Contractor shall update the RMS-QC database each workday.  At least 
monthly, the Contractor shall generate and submit an export file to the 
Government with schedule update and progress payment request.  As required 
in Contract Clause "Payments", at least one week prior to submittal, the 
contractor shall meet with the Government representative to review the 
planned progress payment data submission for errors and omissions. 
The contractor shall make all required corrections prior to Government 
acceptance of the export file and progress payment request.  Payment 
requests accompanied by incomplete or incorrect data submittals will be 
returned.  The Government will not process progress payments until an 
acceptable RMS-QC export file is received.

1.11   NOTIFICATION OF NONCOMPLIANCE

The Contracting Officer will notify the Contractor of any detected 
noncompliance with the requirements of this specification. The Contractor 
shall take immediate corrective action after receipt of such notice.  Such 
notice, when delivered to the Contractor at the work site, shall be deemed 
sufficient for the purpose of notification. 

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION (Not Applicable)

        -- End of Section --
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SECTION 01320

PROJECT SCHEDULE

PART 1   GENERAL

1.1   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Preliminary Project Schedule  
Initial Project Schedule 
Periodic Schedule Updates

  Two copies of the schedules showing codes, values, categories, 
numbers, items, etc., as required.

SD-06 Test Reports

Narrative Report.
Schedule Reports.

  Two copies of the reports showing numbers, descriptions, dates, 
float, starts, finishes, durations, sequences, etc., as required.

SD-07 Certificates

Qualifications.

  Documentation showing qualifications of personnel preparing 
schedule reports.

1.2   QUALIFICATIONS

The Contractor shall designate an authorized representative who shall be 
responsible for the preparation of all required project schedule reports.  
This person shall have previously created and reviewed computerized 
schedules.  Qualifications of this individual shall be submitted to the 
Contracting Officer for review with the Preliminary Project Schedule 
submission

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   GENERAL
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Pursuant to the Contract Clause, SCHEDULE FOR CONSTRUCTION CONTRACTS, a 
Project Schedule as described below shall be prepared.  The scheduling of 
construction shall be the responsibility of the Contractor.  Contractor 
management personnel shall actively participate in its development.  
Subcontractors and suppliers working on the project shall also contribute 
in developing and maintaining an accurate Project Schedule.  The approved 
Project Schedule shall be used to measure the progress of the work, to aid 
in evaluating time extensions, and to provide the basis of all progress 
payments.

3.2   BASIS FOR PAYMENT

The schedule shall be the basis for measuring Contractor progress.  Lack of 
an approved schedule or scheduling personnel shall result in an inability 
of the Contracting Officer to evaluate Contractor progress for the purposes 
of payment.  Failure of the Contractor to provide all information, as 
specified below, shall result in the disapproval of the entire Project 
Schedule submission and the inability of the Contracting Officer to 
evaluate Contractor progress for payment purposes.  In the case where 
Project Schedule revisions have been directed by the Contracting Officer 
and those revisions have not been included in the Project Schedule, then 
the Contracting Officer may hold retainage up to the maximum allowed by 
contract, each payment period, until revisions to the Project Schedule have 
been made.

3.3   PROJECT SCHEDULE

The computer software system utilized by the Contractor to produce the 
Project Schedule shall be capable of providing all requirements of this 
specification.  Failure of the Contractor to meet the requirements of this 
specification shall result in the disapproval of the schedule.  Manual 
methods used to produce any required information shall require approval by 
the Contracting Officer.

3.3.1   Use of the Critical Path Method

The Critical Path Method (CPM) of network calculation shall be used to 
generate the Project Schedule.  The Contractor shall provide the Project 
Schedule in either the Precedence Diagram Method (PDM) or the Arrow Diagram 
Method (ADM).

3.3.2   Level of Detail Required

With the exception of the preliminary schedule submission, the Project 
Schedule shall include an appropriate level of detail.  Failure to develop 
or update the Project Schedule or provide data to the Contracting Officer 
at the appropriate level of detail, as specified by the Contracting 
Officer, shall result in the disapproval of the schedule.  The Contracting 
Officer will use, but is not limited to, the following conditions to 
determine the appropriate level of detail to be used in the Project 
Schedule.

3.3.2.1   Activity Durations

Contractor submissions shall follow the direction of the Contracting 
Officer regarding reasonable activity durations.  Reasonable durations are 
those that allow the progress of activities to be accurately determined 
between payment periods (usually less than 2 percent of all non-procurement 
activities' Original Durations shall be greater than 20 days).
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3.3.2.2   Procurement Activities

Tasks related to the procurement of long lead materials or equipment shall 
be included as separate activities in the project schedule.  Long lead 
materials and equipment are those materials that have a procurement cycle 
of over 90 days.  Examples of procurement process activities include, but 
are not limited to:  submittals, approvals, procurement, fabrication, 
delivery, installation, start-up, and testing.

3.3.2.3   Government Activities

Government and other agency activities that could impact progress shall be 
shown.  These activities include, but are not limited to:  approvals, 
inspections, utility tie-in, Government Furnished Equipment (GFE) and 
notice to proceed for phasing requirements.

3.3.2.4   Bid Item

All activities shall be identified in the project schedule by the Bid Item 
to which the activity belongs.  An activity shall not contain work in more 
than one bid item.  The bid item for each appropriate activity shall be 
identified by the Bid Item Code.

3.3.2.5   Feature of Work

All activities shall be identified in the project schedule according to the 
feature of work to which the activity belongs.  Feature of work refers, but 
is not limited to a work breakdown structure for the project.  The feature 
of work for each activity shall be identified by the Feature of Work Code.

3.3.3   Scheduled Project Completion

The schedule interval shall extend from notice-to-proceed to the contract 
completion date.

3.3.3.1   Project Start Date

The schedule shall start no earlier than the date that the Notice to 
Proceed (NTP) was acknowledged.  The Contractor shall include as the first 
activity in the project schedule an activity called "Start Project".  The 
"Start Project" activity shall have:  a "ES" constraint, a constraint date 
equal to the date that the NTP was acknowledged, and a zero day duration.

3.3.3.2   Constraint of Last Activity

Completion of the last activity in the schedule shall be constrained by the 
contract completion date.  Calculation on project updates shall be such 
that if the early finish of the last activity falls after the contract 
completion date, then the float calculation shall reflect a negative float 
on the critical path.  The Contractor shall include as the last activity in 
the project schedule an activity called "End Project".  The "End Project" 
activity shall have:  a "LF" constraint, a constraint date equal to the 
completion date for the project, and a zero day duration.

3.3.3.3   Early Project Completion

In the event the project schedule shows completion of the project prior to 
the contract completion date, the Contractor shall identify those 
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activities that have been accelerated and/or those activities that are 
scheduled in parallel to support the Contractor's "early" completion.  
Contractor shall specifically address each of the activities noted at every 
project schedule update period to assist the Contracting Officer in 
evaluating the Contractor's ability to actually complete prior to the 
contract period.

3.3.4   Interim Completion Dates

Contractually specified interim completion dates shall also be constrained 
to show negative float if the early finish date of the last activity in 
that phase falls after the interim completion date.

3.3.5   Default Progress Data Disallowed

Actual Start and Finish dates shall not be automatically updated by default 
mechanisms that may be included in CPM scheduling software systems.  Actual 
Start and Finish dates on the CPM schedule shall match those dates provided 
from Contractor Quality Control Reports.  Failure of the Contractor to 
document the Actual Start and Finish dates on the Daily Quality Control 
report for every in-progress or completed activity and ensure that the data 
contained on the Daily Quality Control reports is the sole basis for 
schedule updating shall result in the disapproval of the Contractor's 
schedule and the inability of the Contracting Officer to evaluate 
Contractor progress for payment purposes.

3.3.6   Out-of-Sequence Progress

Activities that have posted progress without predecessors being completed 
(Out-of-Sequence Progress) will be allowed only on a case-by-case approval 
of the Contracting Officer.  The Contracting Officer may direct that 
changes in schedule logic be made to correct any or all out-of-sequence 
work.

3.3.7   Extended Non-Work Periods

Designation of Holidays to account for non-work periods of over 5 days will 
not be allowed.  Non-work periods of over 5 days shall be identified by 
addition of activities that represent the delays.  Modifications to the 
logic of the project schedule shall be made to link those activities that 
may have been impacted by the delays to the newly added delay activities.

3.3.8   Negative Lags

Lag durations contained in the project schedule shall not have a negative 
value.

3.4   PROJECT SCHEDULE SUBMISSIONS

The Contractor shall provide the submissions as described below.  The data 
disk, reports, and network diagrams required for each submission are 
contained in paragraph SUBMISSION REQUIREMENTS.

3.4.1   Preliminary Project Schedule Submission

The Preliminary Project Schedule, defining the Contractor's planned 
operations for the first 90 calendar days shall be submitted for approval 
within 20 calendar days after Notice to Proceed is acknowledged.  The 
approved preliminary schedule shall be used for payment purposes not to 
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exceed 90 calendar days after Notice to Proceed.

3.4.2   Initial Project Schedule Submission

The Initial Project Schedule shall be submitted for approval within 60 
calendar days after Notice to Proceed.  The schedule shall provide a 
reasonable sequence of activities which represent work through the entire 
project and shall be at a reasonable level of detail.

3.4.3   Periodic Schedule Updates

Based on the result of progress meetings, specified in "Periodic Progress 
Meetings," the Contractor shall submit periodic schedule updates.  These 
submissions shall enable the Contracting Officer or to assess Contractor's 
progress.  If the Contractor fails or refuses to furnish the information 
and project schedule data, which in the judgement of the Contracting 
Officer or authorized representative, is necessary for verifying the 
contractor's progress, the Contractor shall be deemed not to have provided 
an estimate upon which progress payment may be made.

3.5   SUBMISSION REQUIREMENTS

The following items shall be submitted by the Contractor for the initial 
submission, and every periodic project schedule update throughout the life 
of the project:

3.5.1   Data Disks

One data disk or one set of data disks containing the project schedule 
shall be provided.  Data on the disks shall be in the P3 format or other 
format which conforms to the format specified in the attached Standard Data 
Exchange Format specification (attached at the end of this Project Schedule 
specification.

3.5.1.1   File Medium

Required data shall be submitted on 3.5-inch disks, formatted to hold 1.44 
MB of data, under the MS-Windows operating system.

3.5.1.2   Disk Label

 A permanent exterior label shall be affixed to each disk submitted.  The 
label shall indicate the type of schedule (Initial, Update, or Change), 
full contract number, project name, project location, data date, name and 
telephone number or person responsible for the schedule, and the operating 
system and version used to format the disk.

3.5.1.3   File Name

Each file submitted shall have a name related to either the schedule data 
date, project name, or contract number.  The Contractor shall develop a 
naming convention that will ensure that the names of the files submitted 
are unique.  The Contractor shall submit the file naming convention to the 
Contracting Officer for approval.

3.5.2   Narrative Report

A Narrative Report shall be provided with each update of the project 
schedule.  This report shall be provided as the basis of the Contractor's 
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progress payment request.  The Narrative Report shall include:  a 
description of activities along the critical path(s), a description of 
current and anticipated problem areas or delaying factors and their impact, 
and an explanation of corrective actions taken.

3.5.3   Approved Changes Verification

Only project schedule changes that have been previously approved by the 
Contracting Officer shall be included in the schedule submission.  The 
Narrative Report shall specifically reference, on an activity by activity 
basis, all changes made since the previous period and relate each change to 
documented, approved schedule changes.

3.5.4   Schedule Reports

The format for each activity for the schedule reports listed below shall 
contain:  Activity Numbers, Activity Description, Original Duration, 
Remaining Duration, Early Start Date, Early Finish Date, Late Start Date, 
Late Finish Date, Total Float.  Actual Start and Actual Finish Dates shall 
be printed for those activities in progress or completed.

3.5.4.1   Activity Report

A list of all activities sorted according to activity number or "I-NODE" 
AND "J-NODE" and then sorted according to Early Start Date.  For completed 
activities the Actual Start Date shall be used as the secondary sort.

3.5.4.2   Logic Report

A list of Preceding and Succeeding activities for every activity in 
ascending order by activity number and then sorted according to Early Start 
Date.  For completed activities the Actual Start Date shall be used as the 
secondary sort.

3.5.4.3   Total Float Report

A list of all activities sorted in ascending order of total float.  
Activities which have the same amount of total float shall be listed in 
ascending order of Early Start Dates.

3.5.4.4   Earnings Report

A compilation of the Contractor's Total Earnings on the project from the 
Notice to Proceed until the most recent Monthly Progress Meeting.  This 
report shall reflect the Earnings of specific activities based on the 
agreements made in the field and approved between the Contractor and 
Contracting Officer at the most recent Monthly Progress Meeting.  Provided 
that the Contractor has provided a complete schedule update, this report 
shall serve as the basis of determining Contractor Payment.  Activities 
shall be grouped by bid item and sorted by activity numbers.  This report 
shall:  sum all activities in a bid item and provide a bid item percent; 
and complete and sum all bid items to provide a total project percent 
complete.  The printed report shall contain, for each activity:  Activity 
Number or "i-node" and "j-node", Activity Description, Original Budgeted 
Amount, Total Quantity, Quantity to Date, Percent Complete (based on cost), 
Earnings to Date.

3.5.5   Network Diagram
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The network diagram shall be required on the initial schedule submission 
and on monthly schedule update submissions.  The network diagram shall 
depict and display the order and interdependence of activities and the 
sequence in which the work is to be accomplished.  The activity or event 
number, description, duration, and estimated earned value shall be shown on 
the diagram.  The Contracting Officer will use, but is not limited to, the 
following conditions to review compliance with this paragraph:

3.5.5.1   Continuous Flow

Diagrams shall show a continuous flow from left to right with no arrows 
from right to left.  

3.5.5.2   Project Milestone Dates

Dates shall be shown on the diagram for start of project, any contract 
required interim completion dates, and contract completion dates.

3.5.5.3   Critical Path

The critical path shall be clearly shown.

3.5.5.4   Banding

Activities shall be grouped to assist in the understanding of the activity 
sequence.  Typically, this flow will group activities by category of work, 
work area and/or responsibility.

3.5.5.5   S-Curves

Earnings curves showing projected early and late earnings and earnings to 
date.

3.6   PERIODIC PROGRESS MEETINGS

Progress meetings to discuss payment shall include a monthly onsite meeting 
or other regular intervals mutually agreed to at the preconstruction 
conference.  During this meeting the Contractor shall describe, on an 
activity by activity basis, all proposed revisions and adjustments to the 
project schedule required to reflect the current status of the project.  
The Contracting Officer will approve activity progress, proposed revisions, 
and adjustments as appropriate.

3.6.1   Meeting Attendance

The Contractor's Project Manager and Scheduler shall attend the regular 
progress meeting.

3.6.2   Update Submission Following Progress Meeting

A complete update of the project schedule containing all approved progress, 
revisions, and adjustments, based on the regular progress meeting, shall be 
submitted not later than 4 working days after the monthly progress meeting.

3.6.3   Progress Meeting Contents

Update information, including Actual Start Dates, Actual Finish Dates, 
Remaining Durations, and Cost-to-Date shall be subject to the approval of 
the Contracting Officer.  The following is a minimum set of items which the 
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Contractor shall address, on an activity by activity basis, during each 
progress meeting.

3.6.3.1   Start and Finish Dates

The Actual Start and Actual Finish dates for each activity currently 
in-progress or completed activities.

3.6.3.2   Time Completion

The estimated Remaining Duration for each activity in-progress.  Time-based 
progress calculations must be based on Remaining Duration for each activity.

3.6.3.3   Cost Completion

The earnings for each activity started.  Payment will be based on earnings 
for each in-progress or completed activity.  Payment for individual 
activities will not be made for work that contains quality defects.  A 
portion of the overall project amount may be retained based on delays of 
activities.

3.6.3.4   Logic Changes

All logic changes pertaining to Notice to Proceed on change orders, change 
orders to be incorporated into the schedule, contractor proposed changes in 
work sequence, corrections to schedule logic for out-of-sequence progress, 
lag durations, and other changes that have been made pursuant to contract 
provisions shall be specifically identified and discussed.

3.6.3.5   Other Changes

Other changes required due to delays in completion of any activity or group 
of activities include:  1) delays beyond the Contractor's control, such as 
strikes and unusual weather.  2) delays encountered due to submittals, 
Government Activities, deliveries or work stoppages which make re-planning 
the work necessary, and  3) a schedule which does not represent the actual 
prosecution and progress of the work.

3.7   REQUESTS FOR TIME EXTENSIONS

In the event the Contractor requests an extension of the contract 
completion date, he shall furnish such justification, project schedule data 
and supporting evidence as the Contracting Officer may deem necessary for a 
determination as to whether or not the Contractor is entitled to an 
extension of time under the provisions of the contract.  Submission of 
proof of delay, based on revised activity logic, duration, and costs 
(updated to the specific date that the delay occurred) is obligatory to any 
approvals.

3.7.1   Justification of Delay

The project schedule shall clearly display that the Contractor has used, in 
full, all the float time available for the work involved with this request. 
 The Contracting Officer's determination as to the number of allowable days 
of contract extension shall be based upon the project schedule updates in 
effect for the time period in question, and other factual information.  
Actual delays that are found to be caused by the Contractor's own actions, 
which result in the extension of the schedule, will not be a cause for a 
time extension to the contract completion date.
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3.7.2   Submission Requirements

The Contractor shall submit a justification for each request for a change 
in the contract completion date of under 2 weeks based upon the most recent 
schedule update at the time of the Notice to Proceed or constructive 
direction issued for the change.  Such a request shall be in accordance 
with the requirements of other appropriate Contract Clauses and shall 
include, as a minimum:

a.  A list of affected activities, with their associated project 
schedule activity number.

b.  A brief explanation of the causes of the change.

c.  An analysis of the overall impact of the changes proposed.

d.  A sub-network of the affected area.

Activities impacted in each justification for change shall be identified by 
a unique activity code contained in the required data file.

3.7.3   Additional Submission Requirements

For any requested time extension of over 2 weeks, the Contracting Officer 
may request an interim update with revised activities for a specific change 
request.  The Contractor shall provide this disk within 4 days of the 
Contracting Officer's request.

3.8   DIRECTED CHANGES

If Notice to Proceed (NTP) is issued for changes prior to settlement of 
price and/or time, the Contractor shall submit proposed schedule revisions 
to the Contracting Officer within 2 weeks of the NTP being issued.  The 
proposed revisions to the schedule will be approved by the Contracting 
Officer prior to inclusion of those changes within the project schedule.  
If the Contractor fails to submit the proposed revisions, the Contracting 
Officer may furnish the Contractor suggested revisions to the project 
schedule.  The Contractor shall include these revisions in the project 
schedule until revisions are submitted, and final changes and impacts have 
been negotiated.  If the Contractor has any objections to the revisions 
furnished by the Contracting Officer, the Contractor shall advise the 
Contracting Officer within 2 weeks of receipt of the revisions.  Regardless 
of the objections, the Contractor shall continue to update the schedule 
with the Contracting Officer's revisions until a mutual agreement in the 
revisions is reached.  If the Contractor fails to submit alternative 
revisions within 2 weeks of receipt of the Contracting Officer's proposed 
revisions, the Contractor will be deemed to have concurred with the 
Contracting Officer's proposed revisions.  The proposed revisions will then 
be the basis for an equitable adjustment for performance of the work.

3.9   OWNERSHIP OF FLOAT

Float available in the schedule, at any time, shall not be considered for 
the exclusive use of either the Government or the Contractor.

        -- End of Section --
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SECTION 01330

SUBMITTAL PROCEDURES

PART 1   GENERAL

1.1   SUBMITTAL IDENTIFICATION

Submittals required are identified by SD numbers as follows:

SD-01 Preconstruction Submittals

SD-02 Shop Drawings

SD-03 Product Data

SD-04 Samples

SD-05 Design Data

SD-06 Test Reports

SD-07 Certificates

SD-08 Manufacturer's Instructions

SD-10 Operation and Maintenance Data

1.2   SUBMITTAL CLASSIFICATION

Submittals are classified as follows:

1.2.1   Government Approved

Governmental approval is required for extensions of design, critical 
materials, deviations, equipment whose compatibility with the entire system 
must be checked, and other items as designated by the Contracting Officer.  
Within the terms of the Contract Clause entitled "Specifications and 
Drawings for Construction," they are considered to be "shop drawings."

1.2.2   Information Only

All submittals not requiring Government approval will be for information 
only.  They are not considered to be "shop drawings" within the terms of 
the Contract Clause referred to above.

1.3   APPROVED SUBMITTALS

The Contracting Officer's approval of submittals shall not be construed as 
a complete check, but will indicate only that the general method of 
construction, materials, detailing and other information are satisfactory.  
Approval will not relieve the Contractor of the responsibility for any 
error which may exist, as the Contractor under the CQC requirements of this 
contract is responsible for dimensions, the design of adequate connections 
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and details, and the satisfactory construction of all work.  After 
submittals have been approved by the Contracting Officer, no resubmittal 
for the purpose of substituting materials or equipment will be considered 
unless accompanied by an explanation of why a substitution is necessary.

1.4   DISAPPROVED SUBMITTALS

The Contractor shall make all corrections required by the Contracting 
Officer and promptly furnish a corrected submittal in the form and number 
of copies specified for the initial submittal.  If the Contractor considers 
any correction indicated on the submittals to constitute a change to the 
contract, a notice in accordance with the Contract Clause "Changes" shall 
be given promptly to the Contracting Officer.

1.5   WITHHOLDING OF PAYMENT

Payment for materials incorporated in the work will not be made if required 
approvals have not been obtained.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   GENERAL

The Contractor shall make submittals as required by the specifications.   
The Contracting Officer may request submittals in addition to those 
specified when deemed necessary to adequately describe the work covered in 
the respective sections.  Units of weights and measures used on all 
submittals shall be the same as those used in the contract drawings.  Each 
submittal shall be complete and in sufficient detail to allow ready 
determination of compliance with contract requirements.  Prior to 
submittal, all items shall be checked and approved by the Contractor's 
Quality Control (CQC) representative and each item shall be stamped, 
signed, and dated by the CQC representative indicating action taken. 
Proposed deviations from the contract requirements shall be clearly 
identified.  Submittals shall include items such as:  Contractor's, 
manufacturer's, or fabricator's drawings; descriptive literature including 
(but not limited to) catalog cuts, diagrams, operating charts or curves; 
test reports; test cylinders; samples; O&M manuals (including parts list); 
certifications; warranties; and other such required submittals.  Submittals 
requiring Government approval shall be scheduled and made prior to the 
acquisition of the material or equipment covered thereby.  Samples 
remaining upon completion of the work shall be picked up and disposed of in 
accordance with manufacturer's Material Safety Data Sheets (MSDS) and in 
compliance with existing laws and regulations.

3.2   SUBMITTAL REGISTER (ENG FORM 4288)

At the end of this section is one set of ENG Form 4288 listing items of 
equipment and materials for which submittals are required by the 
specifications; this list may not be all inclusive and additional 
submittals may be required.  The Contractor will also be given the 
submittal register as a diskette containing the computerized ENG Form 4288 
and instructions on the use of the diskette.  Columns "d" through "r" have 
been completed by the Government; the Contractor shall complete columns "a" 
and "s" through "u" and submit the forms (hard copy plus associated 
electronic file) to the Contracting Officer for approval within 30 calendar 
days after Notice to Proceed.  The Contractor shall keep this diskette 
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up-to-date and shall submit it to the Government together with the monthly 
payment request.  The approved submittal register will become the 
scheduling document and will be used to control submittals throughout the 
life of the contract.  The submittal register and the progress schedules 
shall be coordinated.

3.3   SCHEDULING

Submittals covering component items forming a system or items that are 
interrelated shall be scheduled to be coordinated and submitted 
concurrently.  Certifications to be submitted with the pertinent drawings 
shall be so scheduled.  Adequate time (a minimum of 30 calendar days 
exclusive of mailing time) shall be allowed and shown on the register for 
review and approval.  No delay damages or time extensions will be allowed 
for time lost in late submittals.  An additional 15 calendar days shall be 
allowed and shown on the register for review and approval of submittals for 
food service equipment and refrigeration and HVAC control systems.

3.4   TRANSMITTAL FORM (ENG FORM 4025)

The sample transmittal form (ENG Form 4025) attached to this section shall 
be used for submitting both Government approved and information only 
submittals in accordance with the instructions on the reverse side of the 
form.  These forms will be furnished to the Contractor.  This form shall be 
properly completed by filling out all the heading blank spaces and 
identifying each item submitted.  Special care shall be exercised to ensure 
proper listing of the specification paragraph and/or sheet number of the 
contract drawings pertinent to the data submitted for each item.

3.5   SUBMITTAL PROCEDURE

Submittals shall be made as follows:

3.5.1   Procedures

Submittals to the Contracting Officer are required in the number of copies 
identified in paragraphs 3.7 and 3.8 and shall be submitted to:

U.S. Army Corps of Engineer District, Honolulu
Fort Shafter Resident Office
Bldg 230
Fort Shafter, Hawaii 96858-5440

               
3.5.2   Deviations

For submittals which include proposed deviations requested by the 
Contractor, the column "variation" of ENG Form 4025 shall be checked.  The 
Contractor shall set forth in writing the reason for any deviations and 
annotate such deviations on the submittal.  The Government reserves the 
right to rescind inadvertent approval of submittals containing unnoted 
deviations.

3.6   CONTROL OF SUBMITTALS

The Contractor shall carefully control his procurement operations to ensure 
that each individual submittal is made on or before the Contractor 
scheduled submittal date shown on the approved "Submittal Register."

3.7   GOVERNMENT APPROVED SUBMITTALS
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Upon completion of review of submittals requiring Government approval, the 
submittals will be identified as having received approval by being so 
stamped and dated.  3 copies of the submittal will be retained by the 
Contracting Officer and 1 copy of the submittal will be returned to the 
Contractor.

3.8   INFORMATION ONLY SUBMITTALS

Submittals provided For Information Only (FIO) to the Government shall be 
submitted in three (3) copies, including resubmittals.  Normally submittals 
for information only will not be returned.  Approval of the Contracting 
Officer is not required on information only submittals.   The Government 
reserves the right to require the Contractor to resubmit any item found not 
to comply with the contract.  This does not relieve the Contractor from the 
obligation to furnish material conforming to the plans and specifications; 
will not prevent the Contracting Officer from requiring removal and 
replacement of nonconforming material incorporated in the work; and does 
not relieve the Contractor of the requirement to furnish samples for 
testing by the Government laboratory or for check testing by the Government 
in those instances where the technical specifications so prescribe.

3.9   STAMPS

Stamps used by the Contractor on the submittal data to certify that the 
submittal meets contract requirements shall be similar to the following:

   ________________________________________________________________________
  |                               CONTRACTOR                               |
  |                                                                        |
  |                               (Firm Name)                              |
  |                                                                        |
  |                                                                        |
  |                                                                        |
  | _____ Approved                                                         |
  |                                                                        |
  |                                                                        |
  | _____ Approved with corrections as noted on submittal data and/or      |
  | attached sheets(s).                                                    |
  |                                                                        |
  |                                                                        |
  |                                                                        |
  | SIGNATURE:  __________________________________________________________ |
  |                                                                        |
  | TITLE:  ______________________________________________________________ |
  |                                                                        |
  | DATE:  _______________________________________________________________ |
  |                                                                        |
  |________________________________________________________________________|

    -- End of Section --
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01320 SD-01 Preconstruction Submittals
3.4.1   Preliminary Project Schedule
3.4.2   Initial Project Schedule
3.4.3   Periodic Schedule Updates

SD-06 Test Reports
3.5.2   Narrative Report
3.5.4   Schedule Reports

SD-07 Certificates
1.2   Qualifications

01430 SD-06 Test Reports
1.2.2   Environmental Protection Plan

01572 SD-07 Certificates
1.3.3   Waste Management Plan
1.1.4   Permits
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1.3.1   Warranty Management Plan
1.3.5   Warranty Tags
1.6   Final Clean-Up

01900 SD-01 Preconstruction Submittals
1.1.1   Progress Chart

SD-02 Shop Drawings
1.3   As-Built Drawings
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01900 SD-07 Certificates
1.1.2   Products Containing Recovered

Materials
SD-08 Manufacturer’s Instructions

1.1.3   Recovered Material Report
1.4   Dust Control
1.1.4   Excavation/Trenching Clearance
1.9   Contractor's Operations or

Storage Area
02220 SD-03 Product Data

1.3.1   Work Plan
02300 SD-03 Product Data

1.3.1   Earthwork
SD-06 Test Reports

3.9   Testing
SD-07 Certificates

3.9   Testing
02315 SD-06 Test Reports

3.9   Testing
02316 SD-06 Test Reports

3.4.3   Field Density Tests
3.4.2   Testing of Backfill Materials

02510 SD-03 Product Data
3.1   Installation
1.3.1   Waste Water Disposal Method
1.3.2   Satisfactory Installation
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02510 SD-06 Test Reports
3.3.1   Bacteriological Disinfection

SD-07 Certificates
2.6.6   Meters

02531 SD-07 Certificates
2.3   Joints

02630 SD-03 Product Data
3.3   Placing Pipe

SD-04 Samples
2.1   Pipe for Storm Drains

SD-07 Certificates
2.3.4   Frame and Cover

02713 SD-03 Product Data
2.2.1   Job-Mix Formula (JMF)

SD-06 Test Reports
1.3.3   Bituminous Materials
1.3   Sampling and testing

SD-07 Certificates
2.1   Asphalt Concrete Base

02721 SD-03 Product Data
1.7   Equipment
1.3.1   Waybills and Delivery Tickets

SD-06 Test Reports
1.5   Sampling and Testing

02722 SD-03 Product Data
1.6   Plant, Equipment, and Tools
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02722 1.3.1   Waybills and Delivery Tickets
SD-06 Test Reports

1.4   Sampling and testing
1.4.2.4   Field Density Tests

02741 SD-03 Product Data
2.2   Mix Design
3.9   Contractor Quality Control
3.10   Material Acceptance and Percent

Payment
SD-04 Samples

2.1   Asphalt Cement Binder
SD-06 Test Reports

2.1   Aggregate
3.9.3.10   QC Monitoring

SD-07 Certificates
2.1   Asphalt Cement Binder
3.5   Testing Laboratory

02748 SD-06 Test Reports
3.7   Sampling and Testing

SD-07 Certificates
2.1.4   Prime Coat

02764 SD-03 Product Data
1.4   Equipment
1.2.1   Qualifications

SD-06 Test Reports
2.3   Sampling and Testing
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02764 SD-07 Certificates
2.2.1   Volatile Organic Compound

(VOC)
2.1.2   Traffic Control Guide Signs

02811 SD-02 Shop Drawings
3.1   Sprinkler System

SD-03 Product Data
3.3   Framed Instructions
3.4   Field Training
3.1   Sprinkler System

Spare Parts
Design Analysis and Calculations

SD-06 Test Reports
3.2   Field Tests

SD-07 Certificates
3.1   Sprinkler System

SD-10 Operation and Maintenance
Data

3.1   Sprinkler System
02821 SD-07 Certificates

2.1.1   Chain Link Fence
02827 SD-02 Shop Drawings

2.2   Electric sliding gate operators
SD-08 Manufacturer’s Instructions

2.2   Electric sliding gate operators

SUBMITTAL REGISTER
CONTRACT NO.

TITLE AND LOCATION CONTRACTOR

CONTRACTOR:
SCHEDULE DATES

CONTRACTOR
ACTION

APPROVING AUTHORITY

A
C
T
I
V
I
T
Y
 
N
O

T
R
A
N
S
M
I
T
T
A
L
 
N
O

S
P
E
C
 
S
E
C
T

DESCRIPTION

ITEM SUBMITTED

P
A
R
A
G
R
A
P
H

#
 
 
 
 

C
L
A
S
S
I
F
I
C
A
T
I
O
N

G
O
V
T
 
O
R
 
A
/
E
 
R
E
V
W
R SUBMIT

APPROVAL
NEEDED

BY

MATERIAL
NEEDED

BY

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

DATE FWD
TO APPR

AUTH/

DATE RCD
FROM

CONTR

DATE FWD
TO OTHER
REVIEWER

DATE RCD
FROM OTH
REVIEWER

A
C
T
I
O
N
 
C
O
D
E

DATE
OF

ACTION

MAILED
TO

CONTR/

DATE RCD
FRM APPR

AUTH REMARKS

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r)



SUBMITTAL FORM,Jan 96 PREVIOUS EDITION IS OBSOLETE PAGE 6 OF 20 PAGES

KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI

02827 SD-10 Operation and Maintenance
Data

2.2   Electric sliding gate operators
02915 SD-02 Shop Drawings

3.2.1   Finished Grade and Topsoil
3.1.2   Underground Utilities
1.6.1   Delivered Topsoil
3.3.1   Obstructions Below Ground

SD-03 Product Data
2.4   Geosynthetics
3.4.2   Root Barriers
1.3   Equipment
1.3   Transplanting Plan
3.7   Application of Pesticide
3.9   Plant Establishment Period
3.9.2.6   Maintenance Record

SD-06 Test Reports
1.6.1   Soil Test
3.1.4.2   Soil Test
2.2.6.4   Recycled Compost

SD-07 Certificates
2.1   Topsoil
2.2.5   Fertilizer
2.2.7   Soil Conditioner
2.2.1   pH Adjuster
2.13   Pesticide
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02915 SD-10 Operation and Maintenance
Data

3.9.5   Maintenance Instructions
02921 SD-03 Product Data

3.1.2   Equipment
3.1.2   Equipment
2.8   Surface Erosion Control Material
1.4.3   Chemical Treatment Material
1.4.1   Delivery
3.2.1   Finished Grade and Topsoil
2.2   Topsoil
3.5   Quantity Check
3.9   Seed Establishment Period
3.9.3.5   Maintenance Record
3.6   Application of Pesticide

SD-04 Samples
1.4.1.1   Delivered Topsoil
2.3   Soil Amendments
2.4   Mulch

SD-06 Test Reports
3.1.2   Equipment Calibration
3.1.3   Soil Test

SD-07 Certificates
2.1   Seed
2.2   Topsoil
2.3.1   pH Adjuster
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02921 2.3.2   Fertilizer
2.3.4   Organic Material
2.3.5   Soil Conditioner
2.4   Mulch
2.5   Asphalt Adhesive
2.7   Pesticide

02930 SD-02 Shop Drawings
3.3.1   Shop Drawings
3.2.1   Finished Grade, Topsoil and

Underground Utilities
SD-03 Product Data

2.5   Geotextile
1.4.3.2   Chemical Treatment Material
3.7.2   Equipment
1.4.1   Delivery
3.9   Plant Establishment Period
3.9.2.6   Maintenance Record
3.7   Application of Pesticide

SD-04 Samples
1.4.1.3   Delivered Topsoil
3.1.2.2   Soil Amendments
2.4   Mulch
2.5   Geotextile

SD-06 Test Reports
3.1.2.2   Soil Test

SD-07 Certificates
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02930 2.1   Plant Material
2.2   Topsoil
2.3.1   pH Adjuster
2.3.2   Fertilizer
2.3.3   Organic Material
2.3.4   Soil Conditioner
2.4.2   Organic Mulch
2.13   Pesticide

SD-10 Operation and Maintenance
Data

3.9.5   Maintenance Instructions
03150 SD-03 Product Data

2.2   Preformed Expansion Joint Filler
2.2   Preformed Expansion Joint Filler
2.3   Sealant
2.3   Sealant

SD-04 Samples
2.3.2   Lubricant for Preformed

Compression Seals
2.3.4   Field-Molded Type

SD-07 Certificates
2.2   Preformed Expansion Joint Filler
2.3   Sealant

03307 SD-03 Product Data
2.1.3.1   Air-Entraining Admixture
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03307 2.1.3.2   Water-Reducing or Retarding
Admixture

2.1.10   Curing Materials
2.1.5   Reinforcing Steel
3.1.5.3   Batching and Mixing Equipment
3.2   Conveying and Placing Concrete
2.1.7   Formwork

SD-04 Samples
3.4.2.3   Salt Rock Finish

SD-06 Test Reports
2.1.2   Aggregates
1.3.3   Concrete Mixture Proportions

SD-07 Certificates
2.1.1   Cementitious Materials
2.1.2   Aggregates

04200 SD-02 Shop Drawings
1.2.1   Masonry Work

SD-03 Product Data
2.2   Concrete Masonry Units (CMU)

SD-04 Samples
2.2   Concrete Masonry Units (CMU)
2.5   Anchors, Ties, and Bar

Positioners
SD-07 Certificates

2.2   Concrete Masonry Units (CMU)
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04200 2.5   Anchors, Ties, and Bar
Positioners

2.6   Joint Reinforcement
2.7   Reinforcing Steel Bars and Rods
2.3   Masonry Cement
2.3.1   Mortar Admixtures

05500 SD-02 Shop Drawings
3.1.1   Steel Pipe Guards
3.1.2   Steel Thresholds

06100 SD-02 Shop Drawings
2.1.4   Structural Wood Members
3.1   Installation of Framing
3.3.1   Nailers and Nailing Strips

SD-07 Certificates
2.1.1   Grading and Marking

06200 SD-03 Product Data
2.1   Wood Items and Trim

SD-04 Samples
3.1.3   Plastic Laminate
2.1.7   Fascias and Trim

07212 SD-03 Product Data
2.1.1   Reflective Ceiling Insulation
2.1   Materials

SD-08 Manufacturer’s Instructions
2.1.1   Reflective Ceiling insulation

07240 SD-03 Product Data
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07240 1.3   Exterior Finish System
1.3   Exterior Finish System
1.5   Water Vapor Transmission

Analysis
SD-04 Samples

1.3   Exterior Finish System
SD-06 Test Reports

1.3   Exterior Finish System
SD-07 Certificates

1.6.1   Qualifications
1.6.1   Qualifications
3.2   Installer
1.9   Warranty

07416 SD-02 Shop Drawings
1.2.1   Structural Standing Seam Metal

Roof (SSSMR) System
SD-03 Product Data

1.5.2   Design Analysis
1.5.1   Qualifications

SD-04 Samples
2.3   Accessories
2.1   Roof Panels
2.5   Factory Color Finish
2.4   Fasteners
2.6   Gaskets and Insulating

Compounds
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07416 2.2   Concealed Anchor Clips
2.7   EPDM Rubber Boots

SD-06 Test Reports
1.4   Uplift Resistance

SD-07 Certificates
1.2.1   Structural Standing Seam Metal

Roof (SSSMR) System
07600 SD-02 Shop Drawings

3.4   Gutters and Downspouts
07900 SD-03 Product Data

2.1   Backing
2.2   Bond-Breaker
2.4   Sealant

SD-07 Certificates
2.4   Sealant

08110 SD-02 Shop Drawings
2.1   Bullet Resisting Doors

SD-03 Product Data
2.1   Bullet Resisting Doors

SD-04 Samples
2.3   Doors and Frames

SD-07 Certificates
2.1   Bullet Resisting Doors

08210 SD-02 Shop Drawings
1.3.1   Wood Doors and Frames

08700 SD-03 Product Data
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08700 1.3   Hardware Schedule
2.5   Keying

SD-07 Certificates
1.2.1   Hardware and Accessories

08810 SD-02 Shop Drawings
3.2   Installation

SD-03 Product Data
2.1   Bullet-Resisting Plastic Sheets
2.2   Glazing Accessories

SD-04 Samples
2.1   Bullet-Resisting Plastic Sheets

SD-07 Certificates
2.1   Bullet-Resisting Plastic Sheets

09250 SD-02 Shop Drawings
2.5.1   Steel Framing
3.1   Steel Framing

SD-07 Certificates
2.4.1   Gypsum Wallboard
2.5.1   Steel Framing
3.1   Steel Framing
2.3.1   Fire-Rated Gypsum Board

09310 SD-03 Product Data
2.1   Tile
2.1   Tile
2.3   Mortar and Grout
2.3   Mortar and Grout
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09310 SD-04 Samples
2.1   Tile
2.4   Marble Threshold

SD-07 Certificates
2.1   Tile
2.3   Mortar and Grout

09900 SD-03 Product Data
2.1   Paint
3.3   Mixing and Thinning
3.4   Application

SD-04 Samples
1.5   Moisture-Curing Polyurethane
2.1   Paint

SD-06 Test Reports
2.1   Paint

SD-07 Certificates
2.1.3   Lead
2.1.2   Mildewcide and Insecticide
2.1.5   Volatile Organic Compound

(VOC) Content
10430 SD-02 Shop Drawings

3.1   Approved Detail Drawings
SD-03 Product Data

3.1   Installation
1.3   Wind Load Requirements

SD-04 Samples
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10430 2.1   Dimensional Building Letters
10800 SD-03 Product Data

2.1.2   Finishes
2.2   Accessory Items

SD-04 Samples
2.1.2   Finishes
2.2   Accessory Items

15400 SD-02 Shop Drawings
3.5.1   Plumbing System

SD-03 Product Data
3.6   Plumbing Fixture Schedule
3.5.1   Plumbing System

SD-06 Test Reports
3.5   Tests, Flushing and Disinfection

15895 SD-02 Shop Drawings
3.1.1   Drawings
3.1   Installation

SD-03 Product Data
2.1   Components and Equipment

SD-06 Test Reports
3.3   Performance Tests

SD-10 Operation and Maintenance
Data

3.4   Operating and Maintenance
Instructions

16375 SD-02 Shop Drawings
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16375 1.3.1   As-Built Drawings
3.10.3   Electrical Distribution System

SD-03 Product Data
Fault Current Analysis
Protective Device
Coordination Study
Nameplates

2.1   Material and Equipment
3.1   General Installation Requirements

SD-06 Test Reports
3.10   Field Testing
3.10.5   Operating Test
3.2.1.4   Cable Installation

SD-07 Certificates
2.1   Material and Equipment
3.3   Cable Joints

Cable Installer Qualifications
SD-10 Operation and Maintenance
Data

3.10.3   Electrical Distribution System
16403 SD-02 Shop Drawings

2.2.1   Shop Drawings
2.4   Panelboards

SD-03 Product Data
1.2   Equipment
2.6   Factory Tests
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16415 SD-03 Product Data
Manufacturer's Catalog
Material, Equipment, and Fixture
Lists

1.2.6   As-Built Drawings
Onsite Tests

SD-06 Test Reports
Field Test Plan

3.15   Field Test Reports
SD-07 Certificates

1.4   Materials and Equipment
16528 SD-02 Shop Drawings

1.3.1   Lighting System
3.12.2   As-Built Drawings

SD-03 Product Data
Equipment and Materials

SD-06 Test Reports
3.12.1   Operating Test
3.12.2   Ground Resistance

Measurements
SD-10 Operation and Maintenance
Data

1.3.1   Lighting System
16600 SD-02 Shop Drawings

2.8   Pedestrian Pushbutton
2.9   Traffic Signal
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16600 2.11   Pedestrian Signal
2.7.2   Type I Traffic Signal Standards
2.7.3   Type III Traffic Signal Standards

SD-05 Design Data
1.3   Model 170 function cards
1.3.2   Model 170  controller
2.2.5   Programmed Visibility Traffic

Signal
2.10   Programmed Visibility Traffic

Signal
2.9   Traffic Signal
2.2.6   Optical Pre-emption Sensor
2.8   Pedestrian Pushbutton

16711 SD-02 Shop Drawings
1.2   Telephone System
3.1   Installation

Record Drawings
SD-03 Product Data
Spare Parts

1.5.2   Equipment
3.1   Installation
3.5   Acceptance Tests
3.4   Cutover and Records

SD-06 Test Reports
3.5   Acceptance Tests

SD-07 Certificates
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16711 1.2   Telephone System
1.4   Qualifications
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SECTION 01430

ENVIRONMENTAL PROTECTION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only. 

STATE OF HAWAII DEPARTMENT OF HEALTH (HIDOH)

HIDOH, Chapter 43 Administrative Rules, Title 11, Community 
Noise Control for Oahu

HIDOH, Chapter 59 Administrative Rules, Ambient Air Quality 
Standards

HIDOH, Chapter 60 Administrative Rules, Air Pollution Control

1.2   GENERAL REQUIREMENTS

This section covers prevention of environmental pollution and damage as the 
result of construction operations under this contract and for those 
measures set forth in the TECHNICAL REQUIREMENTS.  For the purpose of this 
specification, environmental pollution and damage is defined as the 
presence of chemical, physical, or biological elements or agents which 
adversely affect human health or welfare; unfavorably alter ecological 
balances of importance to human life; affect other species of importance to 
man; or degrade the utility of the environment for aesthetic, cultural 
and/or historical purposes.  The control of environmental pollution and 
damage requires consideration of air, water, and land, and includes 
management of visual aesthetics, noise, solid waste, radiant energy and 
radioactive materials, as well as other pollutants.

1.2.1   Subcontractors

Assurance of compliance with this section by subcontractors will be the 
responsibility of the Contractor.

1.2.2   Notification

The Contracting Officer will notify the Contractor in writing of any 
observed noncompliance with the aforementioned Federal, State or local laws 
or regulations, permits, and other elements of the Contractor's 
environmental protection plan.  The Contractor shall, after receipt of such 
notice, inform the Contracting Officer of proposed corrective action and 
take such action as may be approved.  If the Contractor fails to comply 
promptly, the Contracting Officer may issue an order stopping all or part 
of the work until satisfactory corrective action has been taken.  No time 
extensions will be granted or costs or damages allowed to the Contractor 
for any such suspension. 

SECTION 01430  Page 2
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1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-06 Test Reports

Environmental Protection Plan.

Within 30 calendar days of receipt of Notice to Proceed, the 
Contractor shall submit in writing an environmental protection 
plan.  Approval of the Contractor's plan will not relieve the 
Contractor of his responsibility for adequate and continuing 
control of pollutants and other environmental protection measures. 
 The environmental protection plan shall include but not be 
limited to the following: 

a.  A list of Federal, State, and local laws, regulations, and 
permits concerning environmental protection, pollution control and 
abatement that are applicable to the Contractor's proposed 
operations and the requirements imposed by those laws, 
regulations, and permits.

b.  Methods for protection of features to be preserved within 
authorized work areas.  The Contractor shall prepare a listing of 
methods to protect resources needing protection; i.e., trees, 
shrubs, vines, grasses and ground cover, landscape features, air 
and soil. 

c.  Procedures to be implemented to provide the required 
environmental protection and to comply with the applicable laws 
and regulations.  The Contractor shall set out the procedures to 
be followed to correct pollution of the environment due to 
accident, natural causes, or failure to follow the procedures set 
out in accordance with the environmental protection plan. 

d.  Location of the solid waste disposal area. 

e.  Drawings showing locations of any proposed temporary 
excavations or embankments for haul roads, material storage areas, 
structures, sanitary facilities, and stockpiles of excess or spoil 
materials. 

f.  Environmental monitoring plans for the job site, including 
land, water, air, and noise monitoring. 

g.  Traffic control plan. 

h.  Methods of protecting surface and ground water during 
construction activities. 

i.  Work area plan showing the proposed activity in each portion 
of the area and identifying the areas of limited use or nonuse.  
Plan should include measures for marking the limits of use areas. 

j.  Training for his personnel during the construction period. 
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PART 2   PRODUCTS (NOT APPLICABLE)

PART 3   EXECUTION

3.1   PROTECTION OF ENVIRONMENTAL RESOURCES

The environmental resources within the project boundaries and those 
affected outside the limits of permanent work under this contract shall be 
protected during the entire period of this contract.  The Contractor shall 
confine his activities to areas defined by the drawings and specifications. 
 

3.1.1   Land Resources

Prior to the beginning of any construction, the Contractor shall identify 
all land resources to be preserved within the Contractor's work area.  
Except in areas indicated on the drawings or specified to be cleared, the 
Contractor shall not remove, cut, deface, injure, or destroy land resources 
including trees, shrubs, vines, grasses, topsoil, and land forms without 
special permission from the Contracting Officer.  No ropes, cables, or guys 
shall be fastened to or attached to any trees for anchorage unless 
specifically authorized.  Where such special emergency use is permitted, 
the Contractor shall provide effective protection for land and vegetation 
resources at all times as defined in the following subparagraphs. 

3.1.1.1   Work Area Limits

Prior to any construction, the Contractor shall mark the areas that are not 
required to accomplish all work to be performed under this contract.  
Isolated areas within the general work area which are to be saved and 
protected shall also be marked or fenced.  Monuments and markers shall be 
protected before construction operations commence.  Where construction 
operations are to be conducted during darkness, the markers shall be 
visible.  The Contractor shall convey to his personnel the purpose of 
marking and/or protection of all necessary objects.

3.1.1.2   Protection of Landscape

Trees, shrubs, vines, grasses, land forms and other landscape features 
indicated and defined on the drawings to be preserved shall be clearly 
identified by marking, fencing, or wrapping with boards, or any other 
approved techniques. 

3.1.1.3   Reduction of Exposure of Unprotected Erodible Soils

Earthwork brought to final grade shall be finished as indicated and 
specified.  Side slopes and back slopes shall be protected as soon as 
practicable upon completion of rough grading.  All earthwork shall be 
planned and conducted to minimize the duration of exposure of unprotected 
soils.  Except in instances where the constructed feature obscures borrow 
areas, quarries, and waste material areas, these areas shall not initially 
be cleared in total.  Clearing of such areas shall progress in reasonably 
sized increments as needed to use the areas developed as approved by the 
Contracting Officer. 

3.1.1.4   Protection of Disturbed Areas

Such methods as necessary shall be utilized to effectively prevent erosion 
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and control sedimentation, including but not limited to the following: 

a.  Retardation and Control of Runoff:  Runoff from the construction 
site shall be controlled by construction of diversion ditches, 
benches, and berms to retard and divert runoff to protected 
drainage courses, and any measures required by areawide plans 
approved under Paragraph 208 of the Clean Water Act.

 
b.  Erosion and Sedimentation Control Devices:  The Contractor shall 

construct or install all temporary and permanent erosion and 
sedimentation control features as indicated on the drawings.  
Temporary erosion and sediment control measures such as berms, 
dikes, drains, grassing, and mulching shall be maintained until 
permanent drainage and erosion control facilities are completed 
and operative. 

3.1.1.5   Contractor Facilities and Work Areas

a.  Location of Field Offices, Storage, and Other Contractor 
Facilities:  The Contractors' field offices, staging areas, 
stockpile storage, and temporary buildings shall be placed in 
areas designated on the drawings or as directed by the Contracting 
Officer.  Temporary movement or relocation of Contractor 
facilities shall be made only on approval by the Contracting 
Officer. 

b.  Spoil Areas on Government Property:  Spoil areas shall be managed 
and controlled to limit spoil to areas designated on the drawings 
and prevent erosion of soil or sediment from entering nearby 
waters.  Spoil areas shall be developed in accordance with the 
grading plan indicated on the drawings. 

c.  Temporary Excavations and Embankments:  Temporary excavations and 
embankments for plant and/or work areas shall be controlled to 
protect adjacent areas from despoilment. 

3.1.2   Disposal of Wastes

Disposal of wastes shall be as specified in Section 01900 MISCELLANEOUS 
PROVISIONS.

 
3.1.2.1   Solid Wastes

Solid wastes (excluding clearing debris) shall be placed in containers 
which are emptied on a regular schedule.  All handling and disposal shall 
be conducted to prevent contamination.  Segregation measures shall be 
employed such that no hazardous or toxic waste will become commingled with 
solid waste.  The Contractor shall transport all solid waste off Government 
property and dispose of it in compliance with Federal, State, and local 
requirements for solid waste disposal.

3.1.2.2   Chemical Wastes:

Chemical wastes shall be stored in corrosion resistant containers, removed 
from the work area and disposed of in accordance with Federal, State, and 
local laws and regulations.

 
3.1.2.3   Hazardous Wastes:
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The Contractor shall take sufficient measures to prevent spillage of 
hazardous and toxic materials during dispensing and shall collect waste in 
suitable containers observing compatibility.  The Contractor shall 
transport all hazardous waste off Government property and dispose of it in 
compliance with Federal and local laws and regulations.  Spills of 
hazardous or toxic materials shall be immediately reported to the 
Contracting Officer.  Cleanup and cleanup costs due to spills shall be the 
responsibility of the Contractor. 

3.1.3   Air Resources

The Contractor shall keep construction activities under surveillance, 
management and control to minimize pollution of air resources.  All 
activities, equipment, processes, and work operated or performed by the 
Contractor in accomplishing the specified construction shall be in strict 
accordance with HIDOH, Chapter 59, HIDOH, Chapter 60, and all Federal 
emission and performance laws and standards.  Ambient Air Quality Standards 
set by the Environmental Protection Agency shall be maintained for those 
construction operations and activities specified in this section. Special 
management techniques as set out below shall be implemented to control air 
pollution by the construction activities which are included in the 
contract. 

3.1.3.1   Particulates

a.  Dust particles, aerosols, and gaseous by-products from all 
construction activities, processing and preparation of materials, 
such as from asphaltic batch plants, shall be controlled at all 
times, including weekends, holidays and hours when work is not in 
progress. 

b.  The Contractor shall maintain all excavations, stockpiles, haul 
roads, permanent and temporary access roads, plant sites, spoil 
areas, borrow areas, and all other work areas within or outside 
the project boundaries free from particulates which would cause 
the air pollution standards mentioned in paragraph Air Resources, 
herein before, to be exceeded or which would cause a hazard or a 
nuisance.  Sprinkling, chemical treatment of an approved type, 
light bituminous treatment, baghouse, scrubbers, electrostatic 
precipitators or other methods will be permitted to control 
particulates in the work area.  Sprinkling, to be efficient, must 
be repeated at such intervals as to keep the disturbed area damp 
at all times.  The Contractor must have sufficient competent 
equipment available to accomplish this task.  Particulate control 
shall be performed as the work proceeds and whenever a particulate 
nuisance or hazard occurs. 

3.1.3.2   Hydrocarbons and Carbon Monoxide

Hydrocarbons and carbon monoxide emissions from equipment shall be 
controlled to Federal and State allowable limits at all times.

3.1.3.3   Odors

Odors shall be controlled at all times for all construction activities, 
processing and preparation of materials. 

3.1.3.4   Monitoring of Air Quality
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Monitoring of air quality shall be the responsibility of the Contractor.  
All air areas affected by the construction activities shall be monitored by 
the Contractor.  

3.1.4   Sound Intrusions

The Contractor shall keep construction activities under surveillance, and 
control to minimize damage to the environment by noise.  The Contractor 
shall comply with the provisions of HIDOH, Chapter 43.

3.2   POST CONSTRUCTION CLEANUP

The Contractor shall clean up area(s) used for construction. 

3.3   RESTORATION OF LANDSCAPE DAMAGE

The Contractor shall restore all landscape features damaged or destroyed 
during construction operations outside the limits of the approved work 
areas.  Such restoration shall be in accordance with the plan submitted for 
approval by the Contracting Officer.  This work will be accomplished at the 
Contractor's expense.

3.4   MAINTENANCE OF POLLUTION CONTROL FACILITIES

The Contractor shall maintain all constructed facilities and portable 
pollution control devices for the duration of the contract or for that 
length of time construction activities create the particular pollutant. 

3.5   TRAINING OF CONTRACTOR PERSONNEL IN POLLUTION CONTROL

The Contractor shall train his personnel in all phases of environmental 
protection.  The training shall include methods of detecting and avoiding 
pollution, familiarization with pollution standards, both statutory and 
contractual, and installation and care of facilities (vegetative covers, 
and instruments required for monitoring purposes) to ensure adequate and 
continuous environmental pollution control.

        -- End of Section --
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SECTION 01451

CONTRACTOR QUALITY CONTROL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 3740 (1996) Minimum Requirements for Agencies 
Engaged in the Testing and/or Inspection 
of Soil and Rock as Used in Engineering 
Design and Construction

ASTM E 329 (1995b) Agencies Engaged in the Testing 
and/or Inspection of Materials Used in 
Construction

1.2   PAYMENT

Separate payment will not be made for providing and maintaining an 
effective Quality Control program, and all costs associated therewith shall 
be included in the applicable unit prices or lump-sum prices contained in 
the Bidding Schedule.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   GENERAL

The Contractor is responsible for quality control and shall establish and 
maintain an effective quality control system in compliance with the 
Contract Clause titled "Inspection of Construction."  The quality control 
system shall consist of plans, procedures, and organization necessary to 
produce an end product which complies with the contract requirements.  The 
system shall cover all construction operations, both onsite and offsite, 
and shall be keyed to the proposed construction sequence.  The project 
superintendent will be held responsible for the quality of work on the job 
and is subject to removal by the Contracting Officer for non-compliance 
with quality requirements specified in the contract.  The project 
superintendent in this context shall mean the individual with the 
responsibility for the overall management of the project including quality 
and production. 

3.2   QUALITY CONTROL PLAN

3.2.1   General
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The Contractor shall furnish for review by the Government, not later than 
30 days after receipt of notice to proceed, the Contractor Quality Control 
(CQC) Plan proposed to implement the requirements of the Contract Clause 
titled "Inspection of Construction."  The plan shall identify personnel, 
procedures, control, instructions, test, records, and forms to be used.  
The Government will consider an interim plan for the first 90 days of 
operation.  Construction will be permitted to begin only after acceptance 
of the CQC Plan or acceptance of an interim plan applicable to the 
particular feature of work to be started.  Work outside of the features of 
work included in an accepted interim plan will not be permitted to begin 
until acceptance of a CQC Plan or another interim plan containing the 
additional features of work to be started.

3.2.2   Content of the CQC Plan

The CQC Plan shall include, as a minimum, the following to cover all 
construction operations, both onsite and offsite, including work by 
subcontractors, fabricators, suppliers, and purchasing agents:

a.  A description of the quality control organization, including a 
chart showing lines of authority and acknowledgment that the CQC 
staff shall implement the three phase control system for all 
aspects of the work specified.  The staff shall include a CQC 
System Manager who shall report to the project superintendent.

b.  The name, qualifications (in resume format), duties, 
responsibilities, and authorities of each person assigned a CQC 
function.  Technicians responsible for sampling and testing of 
concrete shall be certified by the American Concrete Institute 
(ACI) or the Concrete Technicians Association of Hawaii (CTAH).  
Proof of certification shall be included in the CQC Plan.  
Personnel qualifications may be furnished incrementally as the 
work progresses, but in no case, less than fourteen (14) calendar 
days before personnel are required on the job.

c.  A copy of the letter to the CQC System Manager signed by an 
authorized official of the firm which describes the 
responsibilities and delegates sufficient authorities to 
adequately perform the functions of the CQC System Manager, 
including authority to stop work which is not in compliance with 
the contract.  The CQC System Manager shall issue letters of 
direction to all other various quality control representatives 
outlining duties, authorities, and responsibilities.  Copies of 
these letters shall also be furnished to the Government.

d.  Procedures for scheduling, reviewing, certifying, and managing 
submittals, including those of subcontractors, offsite 
fabricators, suppliers, and purchasing agents.  These procedures 
shall be in accordance with Section 01330 SUBMITTAL PROCEDURES.

e.  Control, verification, and acceptance testing procedures for each 
specific test to include the test name, specification paragraph 
requiring test, feature of work to be tested, test frequency, and 
person responsible for each test.

f.  Procedures for tracking preparatory, initial, and follow-up 
control phases and control, verification, and acceptance tests 
including documentation.
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g.  Procedures for tracking construction deficiencies from 
identification through acceptable corrective action.  These 
procedures shall establish verification that identified 
deficiencies have been corrected.

h.  Reporting procedures, including proposed reporting formats.

i.  A list of the definable features of work.  A definable feature of 
work is a task which is separate and distinct from other tasks, 
has separate control requirements, and may be identified by 
different trades or disciplines, or it may be work by the same 
trade in a different environment.  Although each section of the 
specifications may generally be considered as a definable feature 
of work, there are frequently more than one definable features 
under a particular section.  This list will be agreed upon during 
the coordination meeting.

3.2.3   Acceptance of Plan

Acceptance of the Contractor's plan is required prior to the start of 
construction.  Acceptance is conditional and will be predicated on 
satisfactory performance during the construction.  The Government reserves 
the right to require the Contractor to make changes in his CQC Plan and 
operations including removal of personnel, as necessary, to obtain the 
quality specified.

3.2.4   Notification of Changes

After acceptance of the CQC Plan, the Contractor shall notify the 
Contracting Officer in writing of any proposed change.  Proposed changes 
are subject to acceptance by the Contracting Officer.

3.3   COORDINATION MEETING

After the Preconstruction Conference, before start of construction, and 
prior to acceptance by the Government of the CQC Plan, the Contractor shall 
meet with the Contracting Officer or Authorized Representative and discuss 
the Contractor's quality control system.  The CQC Plan shall be submitted 
for review a minimum of 7 calendar days prior to the Coordination Meeting.  
During the meeting, a mutual understanding of the system details shall be 
developed, including the forms for recording the CQC operations, control 
activities, testing, administration of the system for both onsite and 
offsite work, and the interrelationship of Contractor's Management and 
control with the Government's Quality Assurance.  Minutes of the meeting 
shall be prepared by the Government and signed by both the Contractor and 
the Contracting Officer.  The minutes shall become a part of the contract 
file.  There may be occasions when subsequent conferences will be called by 
either party to reconfirm mutual understandings and/or address deficiencies 
in the CQC system or procedures which may require corrective action by the 
Contractor.

3.4   QUALITY CONTROL ORGANIZATION

3.4.1   General

The requirements for the CQC organization are a CQC System Manager and 
sufficient number of additional qualified personnel to ensure contract 
compliance.  The Contractor shall provide a CQC organization which shall be 
at the site at all times during progress of the work and with complete 
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authority to take any action necessary to ensure compliance with the 
contract.  All CQC staff members shall be subject to acceptance by the 
Contracting Officer.

3.4.2   CQC System Manager

The Contractor shall identify as CQC System Manager an individual within 
the onsite work organization who shall be responsible for overall 
management of CQC and have the authority to act in all CQC matters for the 
Contractor.  The CQC System Manager shall be a construction person with a 
minimum of 5 years in related work.  This CQC System manager shall be on 
the site at all time during construction and shall be employed by the prime 
Contractor.  The CQC System Manger shall be assigned no other duties.  An 
alternate for the CQC System Manager shall be identified in the plan to 
serve in the event of the System Manager's absence.  The requirements for 
the alternate shall be the same as the designated CQC System Manager.

3.4.3   CQC Personnel

In addition to CQC personnel specified elsewhere in the contract, the 
Contractor shall provide as part of the CQC organization specialized 
personnel to assist the CQC System Manager.  If it is subsequently 
determined by the Contracting Officer that the minimum contract CQC 
requirements are not being met, the Contractor may be required to provide 
additional staff personnel to the CQC organization at no cost to the 
Government. 

3.4.4   Additional Requirement

The CQC System Manager shall have completed the course entitled 
"Construction Quality Management For Contractors" within the past 5 years.  
This course is periodically offered at the General Contractors Association 
of Hawaii.

3.4.5   Organizational Changes

The Contractor shall maintain the CQC staff at full strength at all times. 
When it is necessary to make changes to the CQC staff, the Contractor shall 
revise the CQC Plan to reflect the changes and submit the changes to the 
Contracting Officer for acceptance.

3.5   SUBMITTALS

Submittals shall be made as specified in Section 01330 SUBMITTAL 
PROCEDURES.  The CQC organization shall be responsible for certifying that 
all submittals are in compliance with the contract requirements.

3.6   CONTROL

Contractor Quality Control is the means by which the Contractor ensures 
that the construction, to include that of subcontractors and suppliers, 
complies with the requirements of the contract.  At least three phases of 
control shall be conducted by the CQC System Manager for each definable 
feature of work as follows:

3.6.1   Preparatory Phase

This phase shall be performed prior to beginning work on each definable 
feature of work, after all required plans/documents/materials are 
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approved/accepted, and after copies are at the work site.  This phase shall 
include:

a.  A review of each paragraph of applicable specifications.

b.  A review of the contract drawings.

c.  A check to assure that all materials and/or equipment have been 
tested, submitted, and approved.

d.  Review of provisions that have been made to provide required 
control inspection and testing.

e.  Examination of the work area to assure that all required 
preliminary work has been completed and is in compliance with the 
contract.

f.  A physical examination of required materials, equipment, and 
sample work to assure that they are on hand, conform to approved 
shop drawings or submitted data, and are properly stored.

g.  A review of the appropriate activity hazard analysis to assure 
safety requirements are met.

h.  Discussion of procedures for controlling quality of the work 
including repetitive deficiencies.  Document construction 
tolerances and workmanship standards for that feature of work.

i.  A check to ensure that the portion of the plan for the work to be 
performed has been accepted by the Contracting Officer.

j.  Discussion of the initial control phase.

k.  The Government shall be notified at least 48 hours in advance of 
beginning the preparatory control phase.  This phase shall include 
a meeting conducted by the CQC System Manager and attended by the 
superintendent, other CQC personnel (as applicable), and the 
foreman responsible for the definable feature.  The results of the 
preparatory phase actions shall be documented by separate minutes 
prepared by the CQC System Manager and attached to the daily CQC 
report.  The Contractor shall instruct applicable workers as to 
the acceptable level of workmanship required in order to meet 
contract specifications.

3.6.2   Initial Phase

This phase shall be accomplished at the beginning of a definable feature of 
work.  The following shall be accomplished:

a.  A check of work to ensure that it is in full compliance with 
contract requirements.  Review minutes of the preparatory meeting.

b.  Verify adequacy of controls to ensure full contract compliance.  
Verify required control inspection and testing.

c.  Establish level of workmanship and verify that it meets minimum 
acceptable workmanship standards.  Compare with required sample 
panels as appropriate.
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d.  Resolve all differences.

e.  Check safety to include compliance with and upgrading of the 
safety plan and activity hazard analysis.  Review the activity 
analysis with each worker.

f.  The Government shall be notified at least 24 hours in advance of 
beginning the initial phase.  Separate minutes of this phase shall 
be prepared by the CQC System Manager and attached to the daily 
CQC report.  Exact location of initial phase shall be indicated 
for future reference and comparison with follow-up phases.

g.  The initial phase should be repeated for each new crew to work 
onsite, or any time acceptable specified quality standards are not 
being met.

3.6.3   Follow-up Phase

Daily checks shall be performed to assure control activities, including 
control testing, are providing continued compliance with contract 
requirements, until completion of the particular feature of work.  The 
checks shall be made a matter of record in the CQC documentation.  Final 
follow-up checks shall be conducted and all deficiencies corrected prior to 
the start of additional features of work which may be affected by the 
deficient work.  The Contractor shall not build upon nor conceal 
non-conforming work.

3.6.4   Additional Preparatory and Initial Phases

Additional preparatory and initial phases shall be conducted on the same 
definable features of work if the quality of on-going work is unacceptable, 
if there are changes in the applicable CQC staff, onsite production 
supervision or work crew, if work on a definable feature is resumed after a 
substantial period of inactivity, or if other problems develop.

3.7   TESTS

3.7.1   Testing Procedure

The Contractor shall perform specified or required tests to verify that 
control measures are adequate to provide a product which conforms to 
contract requirements.  Upon request, the Contractor shall furnish to the 
Government duplicate samples of test specimens for possible testing by the 
Government.  Testing includes operation and/or acceptance tests when 
specified.  The Contractor shall obtain the services of an industry 
recognized testing laboratory, or may establish a testing laboratory at the 
project site acceptable to the Contracting Officer.  However, tests 
contractually required to be performed by an industry recognized testing 
laboratory shall not be accomplished by the Contractor established on-site 
laboratory.   The Contractor shall perform the following activities and 
record and provide the following data:

a.  Verify that testing procedures comply with contract requirements.

b.  Verify that facilities and testing equipment are available and 
comply with testing standards.

c.  Check test instrument calibration data against certified standards.
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d.  Verify that recording forms and test identification control number 
system, including all of the test documentation requirements, have 
been prepared.

e.  Results of all tests taken, both passing and failing tests, shall 
be recorded on the CQC report for the date taken.  Specification 
paragraph reference, location where tests were taken, and the 
sequential control number identifying the test shall be given.  If 
approved by the Contracting Officer, actual test reports may be 
submitted later with a reference to the test number and date 
taken.  An information copy of tests performed by an offsite or 
commercial test facility shall be provided directly to the 
Contracting Officer.  Failure to submit timely test reports as 
stated may result in nonpayment for related work performed and 
disapproval of the test facility for this contract.

3.7.2   Testing Laboratories

3.7.2.1   Laboratory Accreditation

The testing laboratory performing the actual testing on the project shall 
be accredited by one of the following laboratory accreditation authorities:

American Association of State Highway and Transportation Officials
National Voluntary Laboratory Accreditation Program
American Association for Laboratory Accreditation
Washington Association of Building Officials

The testing laboratory shall submit an acknowledgement letter from one of 
the listed laboratory accreditation authorities indicating that the 
application for accreditation has been received and the accreditation 
process started.

3.7.2.2   Capability Check

The Government reserves the right to check laboratory equipment in the 
proposed laboratory for compliance with the standards set forth in the 
contract specifications and to check the laboratory technician's testing 
procedures and techniques.  Laboratories utilized for testing soils, 
concrete, asphalt, and steel shall meet criteria detailed in ASTM D 3740 
and ASTM E 329.

3.7.2.3   Capability Recheck

If the selected laboratory fails the capability check, the Contractor shall 
reimburse reimburse the Government for each succeeding recheck of the 
laboratory or the checking of a subsequently selected laboratory.  Such 
costs will be deducted from the contract amount due the Contractor.

3.7.3   Onsite Laboratory

The Government reserves the right to utilize the Contractor's control 
testing laboratory and equipment to make assurance tests and to check the 
Contractor's testing procedures, techniques, and test results at no 
additional cost to the Government.

3.7.4   Furnishing or Transportation of Samples for Testing

Costs incidental to the transportation of samples or materials shall be 
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borne by the Contractor.  Samples of materials for test verification and 
acceptance testing by the Government shall be delivered to a testing 
laboratory on the Island of Oahu, State of Hawaii, designated by the 
Contracting Officer.  Coordination for each specific test, exact delivery 
location, and dates will be made through the Government field office.

3.8   COMPLETION INSPECTION

3.8.1   Punch-Out Inspection

Near the completion of all work or any increment thereof established by a 
completion time stated in the Special Clause entitled "Commencement, 
Prosecution, and Completion of Work," or stated elsewhere in the 
specifications, the CQC System Manager shall conduct an inspection of the 
work and develop a punch list of items which do not conform to the approved 
drawings and specifications.  Such a list of deficiencies shall be included 
in the CQC documentation, as required by paragraph DOCUMENTATION below, and 
shall include the estimated date by which the deficiencies will be 
corrected.  The CQC System Manager or staff shall make a second inspection 
to ascertain that all deficiencies have been corrected.  Once this is 
accomplished, the Contractor shall notify the Government that the facility 
is ready for the Government Pre-Final inspection.

3.8.2   Pre-Final Inspection

The Government will perform this inspection to verify that the facility is 
complete and ready to be occupied.  The QC Manager shall develop a punch 
list of items which do not conform to the contract documents.  The 
Government will review the punch list and add to or correct the items 
listed.  The QC Manager shall incorporate Government comments and provide a 
Pre-Final Punch List.   The Contractor's CQC System Manager shall ensure 
that all items on this list have been corrected before notifying the 
Government so that a Final inspection with the customer can be scheduled.  
Any items noted on the Pre-Final inspection shall be corrected in a timely 
manner.  These inspections and any deficiency corrections required by this 
paragraph shall be accomplished within the time slated for completion of 
the entire work or any particular increment thereof if the project is 
divided into increments by separate completion dates.

3.8.3   Final Acceptance Inspection

The Contractor's Quality Control Inspection personnel, plus the 
superintendent or other primary management person, and the Contracting 
Officer's Representative shall be in attendance at this inspection.  
Additional Government personnel including, but not limited to, those from 
Base/Post Civil Facility Engineer user groups, and major commands may also 
be in attendance.  The final acceptance inspection will be formally 
scheduled by the Contracting Officer based upon results of the Pre-Final 
inspection.  Notice shall be given to the Contracting Officer at least 14 
days prior to the final acceptance inspection and shall include the 
Contractor's assurance that all specific items previously identified to the 
Contractor as being unacceptable, along with all remaining work performed 
under the contract, will be complete and acceptable by the date scheduled 
for the final acceptance inspection.  Failure of the Contractor to have all 
contract work acceptably complete for this inspection will be cause for the 
Contracting Officer to bill the Contractor for the Government's additional 
inspection cost in accordance with the contract clause titled "Inspection 
of Construction".
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3.9   DOCUMENTATION

The Contractor shall maintain current records providing factual evidence 
that required quality control activities and/or tests have been performed.  
These records shall include the work of subcontractors and suppliers and 
shall be on an acceptable form that includes, as a minimum, the following 
information:

a.  Contractor/subcontractor and their area of responsibility.

b.  Operating plant/equipment with hours worked, idle, or down for 
repair.

c.  Work performed each day, giving location, description, and by 
whom.  When Network Analysis (NAS) is used, identify each phase of 
work performed each day by NAS activity number.

d.  Test and/or control activities performed with results and 
references to specifications/drawings requirements.  The control 
phase should be identified (Preparatory, Initial, Follow-up).  
List deficiencies noted along with corrective action.

e.  Quantity of materials received at the site with statement as to 
acceptability, storage, and reference to specifications/drawings 
requirements.

f.  Submittals reviewed, with contract reference, by whom, and action 
taken.

g.  Off-site surveillance activities, including actions taken.

h.  Job safety evaluations stating what was checked, results, and 
instructions or corrective actions.

i.  Instructions given/received and conflicts in plans and/or 
specifications.

j.  Contractor's verification statement.

These records shall indicate a description of trades working on the 
project; the number of personnel working; weather conditions encountered; 
and any delays encountered.  These records shall cover both conforming and 
deficient features and shall include a statement that equipment and 
materials incorporated in the work and workmanship comply with the 
contract.  Unless otherwise directed by the Contracting Officer the 
original and one copy of these records in report form shall be furnished to 
the Government daily within 24 hours after the date covered by the report, 
except that reports need not be submitted for days on which no work is 
performed.  As a minimum, one report shall be prepared and submitted for 
every 7 days of no work and on the last day of a no work period.  All 
calendar days shall be accounted for throughout the life of the contract.  
The first report following a day of no work shall be for that day only.  
Reports shall be signed and dated by the CQC System Manager.  The report 
from the CQC System Manager shall include copies of test reports and copies 
of reports prepared by all subordinate quality control personnel.

3.10   NOTIFICATION OF NONCOMPLIANCE

The Contracting Officer will notify the Contractor of any detected 
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noncompliance with the foregoing requirements.  The Contractor shall take 
immediate corrective action after receipt of such notice.  Such notice, 
when delivered to the Contractor at the work site, shall be deemed 
sufficient for the purpose of notification.  If the Contractor fails or 
refuses to comply promptly, the Contracting Officer may issue an order 
stopping all or part of the work until satisfactory corrective action has 
been taken.  No part of the time lost due to such stop orders shall be made 
the subject of claim for extension of time or for excess costs or damages 
by the Contractor.

        -- End of Section --
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SECTION 01572

CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT

PART 1   GENERAL

1.1   DEFINITIONS

1.1.1   Construction and Demolition Debris

Solid waste, largely inert waste, resulting from the demolition or razing 
of buildings, of roads, or other structures.  Construction and demolition 
waste does not include cleanup materials contaminated with hazardous 
substances, friable asbestos, waste paints, solvents, sealers, adhesives, 
or similar materials as determined by the Contracting Officer.

1.1.2   Mandatory Materials

Mandatory materials are those materials which comprise the greater portion 
of the construction and demolition debris and have a high potential for 
salvage for resale, salvage for reuse, recycling and energy recovery.  The 
mandatory materials for this project are:

a.  Soil

b.  Fill - Satisfactory Material Transported Off Site

c.  Fill - Satisfactory Material Used on Site

d.  Asphaltic Concrete Paving

1.1.3   Recyclable Materials

Products and materials that can be recovered and remanufactured into a new 
product.  Some of the recyclable materials may include, but are not limited 
to, the following:

a.  Asphaltic concrete paving

b.  Land clearing debris including trees and plant materials

c.  Native rock and granular fill

1.1.4   Recycling Facility

A business that specializes in collecting, handling, processing, 
distributing, or remanufacturing waste materials generated by demolition 
and new construction projects, into products or materials that can be used 
for this project or by others.  The business must have the necessary permits
 as stated herein and any other permits as required by the local, State, 
and Federal Government.

1.1.5   Salvage and Reuse

Existing usable product or material that can be saved and reused in some 
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manner on the project site.  Materials that can be salvaged and reused must 
comply with the applicable technical specifications.

1.1.6   Salvage for Resale

Existing usable transported to landfills for disposal, that are product or 
material that can be saved and removed intact (as is) from the project site 
to another site for resale to others without remanufacturing.

1.1.7   Trash

Product or material transported to landfills for disposal, that are unable 
to be salvaged for resale, salvaged and reused, returned, recycled, or 
burned for energy recovery.

1.1.8   Waste Materials

Product or material that have the potential to be salvaged for resale, 
salvaged and reused, returned to vendors, or recycled.

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-07 Certificates

Construction Waste Management Plan

Recycling Facility Permits

Recycling Facility Permit from the State of Hawaii, Department of 
Health Office Solid Waste Management, to operate a recycling 
facility.

Permit from the City and County of Honolulu Department of 
Planning, to operate a solid waste transfer station

1.3   CONSTRUCTION WASTE MANAGEMENT

1.3.1   General 

a.  Unless otherwise directed by the Contracting Officer, reference to 
recycling, salvage, or reuse in all technical specifications shall be 
superceded by this specification. 

b.  The Contractor shall use all means available to recycle mandatory 
items.  All other debris shall be recycled to the greatest extent 
practical and economically feasible to divert construction and 
demolition waste from landfills.  Revenues and other savings generated 
by the waste management program shall belong to the Contractor.

1.3.2   Construction Waste Management Operations

The Contractor shall manage construction waste and require all 
subcontractors, vendors, and suppliers to participate in the effort.  The 
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Contractor shall establish a construction waste management program that 
includes the following categories:

a.  Minimizing Packaging Materials

b.  Salvage and reuse:  First consideration shall be given to salvage 
for reuse since little or no re-processing is necessary and less 
pollution is created when items are reused in their original form. 
 Reuse may be on or off-site.  The contractor shall ensure 
appropriate permits are provided for off-site use, where 
applicable. 

c.  Salvage for resale or donation:  Sale or donation of salvaged 
material suitable for reuse shall be considered.  Salvaged 
materials, other than those specified for reinstallation, shall 
not be used in this projects or sold on-site.

d.  Recycling:  Waste materials that cannot be salvaged and reused, 
but have value as being recyclable, shall be recycled.   The 
Contractor shall be responsible for implementation of any special 
programs involving rebates or similar incentives related to 
recycling construction waste for this project.  

e.  Disposal:  Waste materials with no practical use or economic 
benefit shall be designated as trash and transported to a landfill 
for disposal.

Waste materials that cannot be salvaged and reused, and have value as being 
recyclable, shall be recycled.  Only trash shall be transported to a 
landfill.  The Contractor shall be responsible for implementation of any 
special programs involving rebates or similar incentives related to 
recycling construction waste for this project. 

1.3.3   Waste Management Plan

The Contractor shall perform a site visit to determine the types and 
quantity of construction waste anticipated and identify salvage for resale, 
salvage and reuse, recycling and disposal options available.  Within 30 
days after contract award and prior to performing any work, the contractor 
shall submit a Waste Management Plan for review and acceptance.  Physical 
work that generates any waste material shall not commence until Waste 
Management Plan is accepted by the Government.  The Waste Management Plan 
shall at a minimum include the following:

a.  Contractor and project identification information

b.  Name of individuals on the Contractor's staff responsible for waste 
prevention and management.

c.  Types of solid resource materials and wastes that will be produced 
(example Waste Management Plan and Tracking form attached to the end of 
this section).

d.  Materials to be salvaged, reused, and recycled, both on-site and 
off-site

e.  Procedures to be used such as:   

(1)  Actions that will be taken to reduce trash.
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(2)  Description of the specific procedures to be used in 
recycling/reuse of the various materials generated

(3)  Areas and equipment to be used for processing, sorting, and 
temporary storage of wastes.

(4)  On-site concrete and asphalt crushing for use on-site, etc.

f.  Characterization, including estimated types and quantities, of the 
waste to be generated(mandatory recyclables and other products the 
Contractor deems appropriate).

g.  Names and locations of salvage, reuse, recycling facilities/sites 
and permits.

h.  Names and locations of trash disposal facilities/sites

i.  Identification of trash materials under this contract.

Contractor shall revise and resubmit when required the Waste Management 
Plan to incorporate review comments by the Contracting Officer.  
Contracting Officer's acceptance of the Waste Management Plan is 
conditional and will not otherwise relieve the Contractor of responsibility 
for adequate and continuing control of pollutants and other environmental 
protection measures.  The Government reserves the right to require the 
Contractor to update and incorporate revisions, during the course of the 
construction, into the plan as determined by the Contracting Officer.  

1.3.4   Hazardous and Toxic Waste

Hazardous and Toxic wastes shall not be included as demolition and 
construction debris.  All hazardous and toxic waste materials shall be 
removed prior to demolition in accordance with applicable sections of the 
technical specification.

PART 2   PRODUCTS (Not Used)

PART 3   EXECUTION

3.1   PROGRAM IMPLEMENTATION AND MONITORING

The Contractor shall implement and maintain, for the duration of the 
project, the construction waste management program.  The Contractor shall 
establish a reporting worksheet to monitor and document the program.  
Contractor shall complete a Waste Management Tracking Form (sample form 
attached to the end of this Section) on a monthly basis as described below:

a.  Fill in the project title; contract number; name and address of 
company submitting the Tracking Form; the printed name, signature, and 
daytime phone number of (FAX if available) the person completing the 
form; the beginning and ending dates of the period covered; and the 
date that the form is completed.

b.  Report disposal/recycling either in tons or in cubic yards (tons 
preferred).  Indicate zero (0) if there is no quantity to report for a 
type of material.

c.  Indicate locations to which materials are delivered.
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d.  Attach to the form legible copies of weigh tickets, receipts, 
invoices, or other documents that specifically identify the Project 
generating the materials.  Said documents must be from sites and/or 
facilities that can legally accept the materials for purposes of reuse, 
recycling, or disposal.

e.  Calculate a running total of all reuse, salvage, recycle and trash 
streams.  Also calculate a total percent of reuse, salvage and recycle 
streams and the total percentage of trash disposed.

Failure to complete monthly tracking forms shall be cause for withholding 
any payment due the Contractor under this contract.

3.2   HAZARDOUS MATERIAL/HAZARDOUS WASTES

The Contractor shall notify the Contracting Officer, if any non-acceptable 
materials such as hazardous materials or hazardous wastes are encountered 
during removal and separation. 

3.3   MANDATORY MATERIALS

Mandatory Materials shall be recycled.

3.4   SALVAGE AND REUSE

a.  The Contractor shall encourage the practice of efficient waste 
management when, sizing, cutting, and installing products and materials.

b.  Soil and satisfactory fill reused on site shall also be a part of 
Construction and Demolition Waste Management Program and shall be 
indicated on the Waste Management Plan and on the Tracking Forms.

3.5   SEPARATION OF RECYCLABLE WASTE MATERIALS

The Contractor shall provide the necessary on-site containers and/or bins, 
to effectively facilitate the Construction and Demolition Waste Management 
Program.  The container/bins shall be clearly and appropriately marked.  
The Contractor shall separate construction and demolition waste by one or a 
combination of the following methods:

a.  Source Separation Method:  Waste products and materials that are 
recyclable shall be separated from trash and sorted into 
approximately marked separate containers and then transported to 
the respective recycling facility for further processing.  Trash 
shall be transported to a landfill for disposal.

b.  Co-Mingled Method:  All construction waste is placed into a single 
container and then transported to a recycling facility where the 
recyclable materials are sorted and processed.  Processing 
includes separation for energy recovery.   The remaining trash 
shall be transported to a landfill for disposal.

c.  Other methods proposed by the Contractor and approved by the 
Contracting Officer.

       -- End of Section --
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SECTION 01780

CLOSEOUT SUBMITTALS

PART 1   GENERAL

1.1   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

As-Built Drawings.

Drawings showing final as-built conditions of the project.  The 
final CADD as-built drawings shall consist of one set of 
electronic CADD drawing files in the specified format, one set of 
original drawings, 2 sets of prints of the originals, and one set 
of the Government accepted working as-built drawings.

SD-03 Product Data

As-Built Record of Equipment and Materials.

  Two copies of the record listing the as-built materials and 
equipment incorporated into the construction of the project.

Warranty Management Plan.

  One set of the warranty management plan containing information 
relevant to the warranty of materials and equipment incorporated 
into the construction project, including the starting date of 
warranty of construction.  The Contractor shall furnish with each 
warranty the name, address, and telephone number of each of the 
guarantor's representatives nearest to the project location.

Warranty Tags.

  Two record copies of the warranty tags showing the layout and 
design.

Final Clean-Up.

  Two copies of the listing of completed final clean-up items.

1.2   PROJECT RECORD DOCUMENTS

1.2.1   As-Built Drawings

This paragraph covers as-built drawings complete, as a requirement of the 
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contract.  The terms "drawings," "contract drawings," "drawing files," 
"working as-built drawings" and "final as-built drawings" refer to contract 
drawings which are revised to be used for final as-built drawings.

1.2.1.1   Government Furnished Materials

One set of electronic CADD files in the specified software and format 
revised to reflect all bid amendments will be provided by the Government at 
the preconstruction conference for projects requiring CADD file as-built 
drawings.

1.2.1.2   Working As-Built and Final As-Built Drawings

The Contractor shall maintain 2 sets of paper drawings by red-line process 
to show the as-built conditions during the prosecution of the project.  
These working as-built marked drawings shall be kept current on a daily 
basis and at least one set shall be available on the jobsite at all times.  
Changes from the contract plans which are made in the work or additional 
information which might be uncovered in the course of construction shall be 
accurately and neatly recorded as they occur by means of details and notes. 
At the final inspection or upon beneficial occupancy of the facility by the 
user, whichever comes first.  The Contractor shall provide one of the two 
sets of working as-built drawings to the COR for turnover with the 
facility.  This set will serve as an advance/interim working set for the 
occupant of the completed facility; until such time that the final as-built 
drawings are furnished to them.  Final as-built drawings shall be prepared 
after the completion of each definable feature of work as listed in the 
Contractor Quality Control Plan (Foundations, Utilities, Structural Steel, 
etc., as appropriate for the project).  The working as-built marked 
drawings and final as-built drawings will be jointly reviewed for accuracy 
and completeness by the Contracting Officer and the Contractor prior to 
submission of each monthly pay estimate.  If the Contractor fails to 
maintain the working and final as-built drawings as specified herein, the 
Contracting Officer will deduct from the monthly progress payment an amount 
representing the estimated cost of maintaining the as-built drawings.  This 
monthly deduction will continue until an agreement is reached between the 
Contracting Officer and the Contractor regarding the accuracy and 
completeness of updated drawings.  The working and final as-built drawings 
shall show, but shall not be limited to, the following information:

     a.  The actual location, kinds and sizes of all sub-surface utility 
lines.  In order that the location of these lines and appurtenances may be 
determined in the event the surface openings or indicators become covered 
over or obscured, the as-built drawings shall show, by offset dimensions to 
two permanently fixed surface features, the end of each run including each 
change in direction.  Valves, splice boxes and similar appurtenances shall 
be located by dimensioning along the utility run from a reference point.  
The average depth below the surface of each run shall also be recorded.

     b.  The location and dimensions of any changes within the building 
structure.

     c.  Correct grade, elevations, cross section, or alignment of roads, 
earthwork, structures or utilities if any changes were made from contract 
plans.

     d.  Changes in details of design or additional information obtained 
from working drawings specified to be prepared and/or furnished by the 
Contractor; including but not limited to fabrication, erection, 
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installation plans and placing details, pipe sizes, insulation material, 
dimensions of equipment foundations, etc.

     e.  The topography, invert elevations and grades of drainage installed 
or affected as part of the project construction.

     f.  Changes or modifications which result from the final inspection.

     g.  Where contract drawings or specifications present options, only 
the option selected for construction shall be shown on the final as-built 
drawings.

     h.  If borrow material for this project is from sources on Government 
property, or if Government property is used as a spoil area, the Contractor 
shall furnish a contour map of the final borrow pit/spoil area elevations.

     i.  Systems designed or enhanced by the Contractor, such as HVAC 
controls, fire alarm, fire sprinkler, and irrigation systems.

     j.  Modifications (change order price shall include the Contractor's 
cost to change working and final as-built drawings to reflect 
modifications) and compliance with the following procedures.

(1)  Directions in the modification for posting descriptive 
changes shall be followed.

(2)  A Modification Circle shall be placed at the location of each 
deletion.

(3)  For new details or sections which are added to a drawing, a 
Modification Circle shall be placed by the detail or section title.

(4)  For minor changes, a Modification Circle shall be placed by 
the area changed on the drawing (each location).

(5)  For major changes to a drawing, a Modification Circle shall 
be placed by the title of the affected plan, section, or detail at 
each location.

(6)  For changes to schedules or drawings, a Modification Circle 
shall be placed either by the schedule heading or by the change in 
the schedule.

(7)  The Modification Circle size shall be 12.7 mm  diameter 
unless the area where the circle is to be placed is crowded.  
Smaller size circle shall be used for crowded areas.

1.2.1.3   Drawing Preparation

The as-built drawings shall be modified as may be necessary to correctly 
show the features of the project as it has been constructed by bringing the 
contract set into agreement with Government accepted working as-built 
drawings, and adding such additional drawings as may be necessary.  These 
working as-built marked drawings shall be neat, legible and accurate.  
These drawings are part of the permanent records of this project and shall 
be returned by the Contractor to the Contracting Officer after final 
acceptance by the Government.  Any drawings damaged or lost by the 
Contractor shall be satisfactorily replaced by the Contractor at no expense 
to the Government.
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1.2.1.4   Computer Aided Design and Drafting (CADD) Drawings

Only personnel proficient in the preparation of microstation CADD drawings 
shall be employed to modify the contract drawings or prepare additional new 
drawings.  Additions and corrections to the contract drawings shall be 
equal in quality and detail to that of the originals.  Line colors, line 
weights, lettering, layering conventions, and symbols shall be the same as 
the original line colors, line weights, lettering, layering conventions, 
and symbols.  If additional drawings are required, they shall be prepared 
using the specified electronic file format applying the same graphic 
standards specified for original drawings.  The title block and drawing 
border to be used for any new final as-built drawings shall be identical to 
that used on the contract drawings.  Additions and corrections to the 
contract drawings shall be accomplished using CADD files.  The Contractor 
will be furnished Microstation CADD files and pentable.  The electronic 
files will be supplied on compact disc, read-only memory (CD-ROM).  The 
Contractor shall be responsible for providing all program files and 
hardware necessary to prepare final as-built drawings.  The Contracting 
Officer will review final as-built drawings for accuracy and the Contractor 
shall make required corrections, changes, additions, and deletions.

     a.  CADD colors shall be the "base" colors of red, green, and blue.  
Color code for changes shall be as follows:

(1)  Deletions (red) - Deleted graphic items (lines) shall be 
colored red with red lettering in notes and leaders.

(2)  Additions (Green) - Added items shall be drawn in green with 
green lettering in notes and leaders.

(3)  Special (Blue) - Items requiring special information, 
coordination, or special detailing or detailing notes shall be in 
blue.

     b.  All changes to the contract drawing files shall be made on the 
level as the original item.  There shall be no deletions of existing lines; 
existing lines shall be over struck in red.  Additions shall be in green 
with line weights the same as the drawing.  

     c.  When final revisions have been completed, the cover sheet drawing 
shall show the wording "RECORD DRAWING AS-BUILT" followed by the name of 
the Contractor in letters at least 5 mm high.  All other contract drawings 
shall be marked either "as-built" drawing denoting no revisions on the 
sheet or "Revised As-Built" denoting one or more revisions.  Original 
contract drawings shall be dated in the revision block.

     d.  Within 10 days after Government acceptance of all of the working 
as-built drawings for a phase of work, the Contractor shall prepare the 
final CADD as-built drawings for that phase of work and submit two sets of 
blue/black-line prints of these drawings for Government review.  The 
Government will promptly return one set of prints annotated with any 
necessary corrections.  Within 10 days the Contractor shall revise the CADD 
files accordingly at no additional cost and submit one set of final prints 
for the completed phase of work to the Government.  Within 10 days of 
substantial completion of all phases of work, the Contractor shall submit 
the final as-built drawing package for the entire project.  The submittal 
shall consist of one set of electronic files on compact disc, read-only 
memory (CD-ROM), one set of originals, two sets of prints and one set of 
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the Government annotated and accepted working as-built drawings.  They 
shall be complete in all details and identical in form and function to the 
contract drawing files supplied by the Government.  Any transactions or 
adjustments necessary to accomplish this is the responsibility of the 
Contractor.  The Government reserves the right to reject any drawing files 
it deems incompatible with the customer's CADD system.  Paper prints, 
drawing files and storage media submitted will become the property of the 
Government upon final acceptance.  Failure to submit final as-built drawing 
files or working as-built marked drawings as specified shall be cause for 
withholding any payment due the Contractor under this contract.  Acceptance 
of final as-built drawings shall be accomplished before final payment is 
made to the Contractor.

1.2.1.5   Payment

No separate payment will be made for as-built drawings required under this 
contract, and all costs accrued in connection with such drawings shall be 
considered a subsidiary obligation of the Contractor.

1.2.2   As-Built Record of Equipment and Materials

The Contractor shall furnish one copy of preliminary record of equipment 
and materials used on the project 15 days prior to final inspection.  This 
preliminary submittal will be reviewed and returned 2 days after final 
inspection with Government comments.  Two sets of final record of equipment 
and materials shall be submitted 10 days after final inspection.  The 
designations shall be keyed to the related area depicted on the contract 
drawings.  The record shall list the following data:

RECORD OF DESIGNATED EQUIPMENT AND MATERIALS DATA

  Description      Specification     Manufacturer      Composition     Where
                   Section           and Catalog,      and Size        Used
                                     Model, and
                                     Serial Number 

1.2.3   Final Approved Shop Drawings

The Contractor shall furnish final approved project shop drawings 30 days 
after transfer of the completed facility.

1.2.4   Real Property Equipment

The Contractor shall furnish a list of installed equipment furnished under 
this contract.  The list shall include all information usually listed on 
manufacturer's name plate.  The "EQUIPMENT-IN-PLACE LIST" shall include, as 
applicable, the following for each piece of equipment installed:  
description of item, location (by room number), model number, serial 
number, capacity, name and address of manufacturer, name and address of 
equipment supplier, condition, spare parts list, manufacturer's catalog, 
and warranty.  A draft list shall be furnished at time of transfer.  The 
final list shall be furnished 30 days after transfer of the completed 
facility.

1.3   WARRANTY MANAGEMENT

1.3.1   Warranty Management Plan

The Contractor shall develop a warranty management plan.  At least 30 days 
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before the planned pre-warranty conference, the Contractor shall submit the 
warranty management plan for Government approval.  The warranty management 
plan shall include all required actions and documents to assure that the 
Government receives all warranties to which it is entitled, in accordance 
with the Contract Clause, WARRANTY OF CONSTRUCTION.  The plan shall be in 
narrative form and contain sufficient detail to render it suitable for use 
by future maintenance and repair personnel, whether tradesmen, or of 
engineering background, not necessarily familiar with this contract.  The 
term "status" as indicated below shall include due date and whether item 
has been submitted or was accomplished.  Warranty information made 
available during the construction phase shall be submitted to the 
Contracting Officer for approval prior to each monthly pay estimate.  
Approved information shall be assembled in a binder and shall be turned 
over to the Government upon acceptance of the work.  The construction 
warranty period shall begin on the date of project acceptance and shall 
continue for the full product warranty period.  A joint 4 month and 9 month 
warranty inspection shall be conducted, measured from time of acceptance, 
by the Contractor, Contracting Officer and the Customer Representative.  
Information contained in the warranty management plan shall include, but 
shall not be limited to, the following:

     a.  Roles and responsibilities of all personnel associated with the 
warranty process, including points of contact and telephone numbers within 
the organizations of the Contractors, subcontractors, manufacturers or 
suppliers involved.

     b.  Listing and status of delivery of all Certificates of Warranty for 
extended warranty items, to include roofs, HVAC balancing, pumps, motors, 
transformers, and for all commissioned systems such as fire protection and 
alarm systems, sprinkler systems, lightning protection systems, etc.

     c.  A list for each warranted equipment, item, feature of construction 
or system indicating:

1.  Name of item.
2.  Model and serial numbers.
3.  Location where installed.
4.  Name and phone numbers of manufacturers or suppliers.
5.  Names, addresses and telephone numbers of sources of spare 
parts.
6.  Warranties and terms of warranty.  This shall include one-year 
overall warranty of construction.  Items which have extended 
warranties shall be indicated with separate warranty expiration 
dates.
7.  Cross-reference to warranty certificates as applicable.
8.  Starting point and duration of warranty period.
9.  Summary of maintenance procedures required to continue the 
warranty in force.
10. Cross-reference to specific pertinent Operation and 
Maintenance manuals.
11. Organization, names and phone numbers of persons to call for 
warranty service.
12. Typical response time and repair time expected for various 
warranted equipment.

     d.  The Contractor's plans for attendance at the 4 and 9 month 
post-construction warranty inspections conducted by the Government.

     e.  Procedure and status of tagging of all equipment covered by 
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extended warranties.

     f.  Copies of instructions to be posted near selected pieces of 
equipment where operation is critical for warranty and/or safety reasons.

1.3.2   Performance Bond

The Contractor's Performance Bond shall remain in effect throughout the 
construction period, and during the life of any guaranty required under the 
Contract Performance Bond, Standard Form 25.

     a.  In the event the Contractor fails to commence and diligently 
pursue any construction warranty work required, the Contracting Officer 
will have the work performed by others.  After completion of the 
construction warranty work, charges will be made to the remaining 
construction warranty funds of expenses which the Government incurred while 
performing the work, including, but not limited to administrative expenses.

     b.  In the event sufficient funds are not available to cover the 
construction warranty work performed by the Government, at the Contractor's 
expense, the Contracting Officer will have the right to recoup expenses 
from the bonding company.

     c.  Following oral or written notification of required construction 
warranty repair work, the Contractor shall respond in a timely manner.  
Written verification will follow oral instructions.  Failure of the 
Contractor to respond will be cause for the Contracting Officer to proceed 
against the Contractor.

1.3.3   Pre-Warranty Conference

Prior to contract completion, and at a time designated by the Contracting 
Officer, the Contractor shall meet with the Contracting Officer to develop 
a mutual understanding with respect to the requirements of this section.  
Communication procedures for Contractor notification of construction 
warranty defects, priorities with respect to the type of defect, reasonable 
time required for Contractor response, and other details deemed necessary 
by the Contracting Officer for the execution of the construction warranty 
shall be established/reviewed at this meeting.  In connection with these 
requirements and at the time of the Contractor's quality control completion 
inspection, the Contractor shall furnish the name, telephone number and 
address of a licensed and bonded company which is authorized to initiate 
and pursue construction warranty work action on behalf of the Contractor.  
This point of contact will be located within the local service area of the 
warranted construction, shall be continuously available, and shall be 
responsive to Government inquiry on warranty work action and status.  This 
requirement does not relieve the Contractor of any of its responsibilities 
in connection with other portions of this provision.

1.3.4   Contractor's Response to Construction Warranty Service Requirements

Following oral or written notification by the Contracting Officer, the 
Contractor shall respond to construction warranty service requirements in 
accordance with the "Construction Warranty Service Priority List" and the 
three categories of priorities listed below.  The Contractor shall submit a 
report on any warranty item that has been repaired during the warranty 
period.  The report shall include the cause of the problem, date reported, 
corrective action taken, and when the repair was completed.  If the 
Contractor does not perform the construction warranty within the timeframes 
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specified, the Government will perform the work and backcharge the 
construction warranty payment item established.

     a.  First Priority Code 1.  Perform onsite inspection to evaluate 
situation, and determine course of action within 4 hours, initiate work 
within 6 hours and work continuously to completion or relief.

     b.  Second Priority Code 2.  Perform onsite inspection to evaluate 
situation, and determine course of action within 8 hours, initiate work 
within 24 hours and work continuously to completion or relief.

     c.  Third Priority Code 3.  All other work to be initiated within 3 
work days and work continuously to completion or relief.

     d.  The "Construction Warranty Service Priority List" is as follows:

Code 1-Doors
(1)  Interior, exterior personnel doors or hardware, not 
functioning properly, causing a security, fire, or safety problem.

Code 3-Doors
(1)  Interior/exterior personnel doors or hardware not functioning 
properly.

Code 1-Electrical
(1)  Power failure (entire area or any building operational after 
1600 hours).
(2)  Security lights
(3)  Smoke detectors

Code 2-Electrical
(1)  Power failure (no power to a room or part of building).
(2)  Receptacle and lights (in a room or part of building).

Code 3-Electrical
Street lights.

Code 1-Plumbing
(1)  Leaking water supply pipes.

Code 2-Plumbing
(1)  Flush valves not operating properly.
(2)  Fixture drain, supply line to commode, or any water pipe 
leaking.
(3)  Commode leaking at base.

Code 3  -Plumbing
Leaky faucets.

Code 3-Interior
(1)  Floors damaged.
(2)  Paint chipping or peeling.
(3)  Casework.

Code 1-Roof Leaks
Temporary repairs will be made where major damage to property is 
occurring.

Code 2-Roof Leaks
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Where major damage to property is not occurring, check for location of 
leak during rain and complete repairs on a Code 2 basis.

Code 2-Water (Exterior)
No water to facility.

Code 2-Water (Hot)
No hot water in portion of building listed.

Code 3-All other work not listed above.

1.3.5   Warranty Tags

At the time of installation, each warranted item shall be tagged with a 
durable, oil and water resistant tag approved by the Contracting Officer.  
Each tag shall be attached with a copper wire and shall be sprayed with a 
silicone waterproof coating.  The date of acceptance and the QC signature 
shall remain blank until project is accepted for beneficial occupancy.  The 
tag shall show the following information.

     a.  Type of product/material_____________________________________.

     b.  Model number_________________________________________________.

     c.  Serial number________________________________________________.

     d.  Contract number______________________________________________.

     e.  Warranty period___________from___________to__________________.

     f.  Inspector's signature________________________________________.

     g.  Construction Contractor______________________________________.

         Address______________________________________________________.

         Telephone number_____________________________________________.

     h.  Warranty contact_____________________________________________.

         Address______________________________________________________.

         Telephone number_____________________________________________.

     i.  Warranty response time priority code_________________________.

     j.  WARNING - PROJECT PERSONNEL TO PERFORM ONLY OPERATIONAL MAINTENANCE 
DURING THE WARRANTY PERIOD.

1.4   MECHANICAL TESTING, ADJUSTING, BALANCING, AND COMMISSIONING

Prior to final inspection and transfer of the completed facility; all 
reports, statements, certificates, and completed checklists for testing, 
adjusting, balancing, and commissioning of mechanical systems shall be 
submitted to and approved by the Contracting Officer as specified in 
applicable technical specification sections.

1.5   OPERATION AND MAINTENANCE MANUALS
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Operation manuals and maintenance manuals shall be submitted as specified.  
Operation manuals and maintenance manuals provided in a common volume shall 
be clearly differentiated and shall be separately indexed.

1.6   FINAL CLEAN-UP

The premises shall be left broom clean.  Stains, foreign substances, and 
temporary labels shall be removed from surfaces.  Carpet and soft surfaces 
shall be vacuumed.  Equipment and fixtures shall be cleaned to a sanitary 
condition.  Filters of operating equipment shall be cleaned.  Debris shall 
be removed from roofs, drainage systems, gutters, and downspouts.  Paved 
areas shall be swept and landscaped areas shall be raked clean.  The site 
shall have waste, surplus materials, and rubbish removed.  The project area 
shall have temporary structures, barricades, project signs, and 
construction facilities removed.  A list of completed clean-up items shall 
be submitted on the day of final inspection.

PART 2   PRODUCTS (NOT USED)

PART 3   EXECUTION (NOT USED)

            -- End of Section --
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SECTION 01900

MISCELLANEOUS PROVISIONS

PART 1   GENERAL

1.1   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals

Progress Chart.   

SD-02 Shop Drawings

As-Built Drawings.  

SD-07 Certificates

Products Containing Recovered Materials.

SD-08 Manufacturer's Instructions

Recovered Material Report

Dust Control.  

Method(s) of dust control. 

Excavation/Trenching Clearance

Prior to start of any excavation or trenching work, the Contractor 
shall obtain clearance, in writing, from the appropriate 
communications agency and base or area engineer.  Copies of all 
correspondence shall be provided the Contracting Officer.  Normal 
coordination time for obtaining the necessary permits is 
approximately fifteen (15) calendar days.  The Contractor shall 
advise the Contracting Officer promptly when it appears that the 
normal coordination time will be exceeded. 

Condition of Contractor's Operations or Storage Area

The Contractor shall submit to the Contracting Officer photographs 
and/or videos depicting the condition of the Contractor's 
Operation or Storage Area.

1.1.1   Progress Chart   

The Contractor shall prepare and submit for approval by the Contracting 
Officer a progress chart in accordance with the CONTRACT CLAUSE entitled 
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"SCHEDULE FOR CONSTRUCTION CONTRACTS" twenty-one (21) calendar days prior 
to initiation of any work.  Any material change to the progress chart must 
be approved in writing in advance by the Contracting Officer.  Any proposed 
changes to the approved schedule shall be requested by the Contractor in 
writing a minimum of fourteen (14) calendar days prior to the proposed 
start of work.

1.1.2   Products Containing Recovered Materials

The Contractor shall submit manufacturer's certification attesting that 
product meets or exceeds EPA's recovered material guidelines.

1.1.3   Recovered Material Report

The Contractor shall provide a report listing all products meeting EPA 
guidelines for products containing recovered materials and quantity used 
for this project.

1.1.4   Excavation/Trenching Clearance  

Prior to start of any excavation or trenching work, the Contractor shall 
obtain clearance, in writing, from the appropriate communications agency 
and base or area engineer.  Copies of all correspondence shall be provided 
the Contracting Officer.  Normal coordination time for obtaining the 
necessary permits is approximately fifteen (15) calendar days.  The 
Contractor shall advise the Contracting Officer promptly when it appears 
that the normal coordination time will be exceeded. 

1.2   CONTRACTOR QUALITY CONTROL

To assure compliance with contract requirements, the Contractor shall 
establish and maintain quality control for materials and work covered by 
all sections of the TECHNICAL REQUIREMENTS in accordance with Section 01451 
CONTRACTOR QUALITY CONTROL.  Records shall be maintained for all operations 
including sampling and testing.

1.3   AS-BUILT DRAWINGS

As-built drawings shall be in accordance with Section 01780 CLOSEOUT 
SUBMITTALS.

1.4   DUST CONTROL

The amount of dust resulting from the Contractor's work shall be controlled 
to prevent the spread of dust to occupied portions of the construction site 
and to avoid creation of a nuisance in the surrounding area.  Use of water 
will not be permitted when it will result in, or create, hazardous or 
objectionable conditions such as flooding and pollution.  Measures shall 
also be taken for dust control along haul routes and equipment parking 
areas. 

1.5   PROTECTION

The Contractor shall take all necessary precautions to insure that no 
damages to private or public property will result from his operations.  Any 
such damages shall be repaired or property replaced by the Contractor in 
accordance with the CONTRACT CLAUSES entitled "PERMITS AND 
RESPONSIBILITIES" and "PROTECTION OF EXISTING VEGETATION, STRUCTURES, 
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EQUIPMENT, UTILITIES, AND IMPROVEMENTS", without delay, and at no cost to 
the Government. 

1.5.1   Warning Signs and Barricades

The Contractor shall be responsible for posting warning signs or erecting 
temporary barricades to provide for safe conduct of work and protection of 
property. 

1.5.2   Protection of Grassed and Landscaped Areas

The Contractor's vehicles shall be restricted to paved roadways and 
driveways.  Vehicles shall not be driven or parked on grassed and/or 
landscaped areas except when absolutely necessary for the performance of 
the work and approved in advance by the Contracting Officer.  Grassed or 
landscaped areas damaged by the Contractor shall be restored to their 
original condition without delay and at no cost to the Government. 

1.5.3   Protection of Trees and Plants

Where necessary, tree branches and plants interfering with the work may be 
temporarily tied back by the Contractor to permit accomplishment of the 
work in a convenient manner, so long as they will not be permanently 
damaged thereby.  If this is not feasible, they may be pruned, subject to 
written approval by the Contracting Officer. 

1.5.4   Protection of Building From the Weather

The interior of the building and all materials and equipment shall be 
protected from the weather at all times. 

1.6   RESTORATION WORK

Existing conditions or areas damaged or disturbed by the Contractor's 
operations shall be restored to their original condition, or near original 
condition as possible, to the satisfaction of the Contracting Officer. 

1.7   REMOVAL AND DISPOSAL

The Contractor shall salvage or recycle waste to the maximum extent 
practical as it relates to the capabilities of local industries.  A record 
of the quantity of salvaged or recycled materials shall be maintained by 
the Contractor during the length of the project and submitted to the 
Contracting Officer at acceptance of the project. Quantities shall be 
recorded in the unit of measure of the industry.  Reuse of materials on the 
site shall be considered a form of recycling.  An example of such reuse 
would be the use of acceptable excavated materials as fill.

1.7.1   Title to Materials

Title to all materials and equipment to be removed, except as indicated or 
specified otherwise, is vested in the Contractor upon receipt of notice to 
proceed.  The Government will not be responsible for the condition, loss or 
damage to such property after the Contractor's receipt of notice to 
proceed.  Items indicated to be removed shall be removed and disposed of by 
the Contractor outside the limits of Government-controlled property at the 
Contractor's responsibility and expense before the completion and final 
acceptance of the work, and such materials shall not be sold on the site. 
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1.7.2   Rubbish and Debris

Rubbish and debris shall be removed from Government-controlled property 
daily unless otherwise directed, so as not to allow accumulation inside or 
outside the building.  Materials that cannot be removed daily shall be 
stored in areas designated by the Contracting Officer. 

1.8   INTERFERENCE WITH GOVERNMENT OPERATIONS

The Contractor shall establish work procedures and methods to prevent 
interference with existing operations within or adjacent to the 
construction area.  Free passage into adjoining or adjacent buildings not 
in the contract will not be permitted except as approved by the Contracting 
Officer.  Procedures and methods shall also provide for safe conduct of 
work and protection of property which is to remain undisturbed. 

1.8.1   Coordination

The Contractor shall coordinate all work with the Contracting Officer to 
minimize interruption and inconvenience to the occupants or to the 
Government.  Scheduling and programming of work will be established during 
the pre-construction conference. 

1.8.2   Utilities and Facilities

All utilities and facilities within the area shall remain operable and 
shall not be affected by the Contractor's work, unless otherwise approved 
in writing in advance by the Contracting Officer.  

1.8.3   Staking and Flagging Existing Utilities

The Contractor, prior to start of any excavation or trenching work, shall 
verify the location of all utility lines shown on the drawings which are 
within the areas of work, and shall mark, stake, or flag each utility line 
along trench alignments and under areas of excavation under this project, 
as approved.  Existing utility lines shall be located by walking trench 
alignments with approved equipment for locating underground pipes and 
cables.  Utility lines so located shall be noted on the drawings. 

1.9   CONTRACTOR'S OPERATIONS OR STORAGE AREA

At the request of the Contractor, an open operations or storage area will 
be made available within the installation, the exact location shall be as 
indicated.  The Contractor shall be responsible for the security necessary 
for protection of his equipment and materials, and shall maintain the area 
free of debris.  No rusty or unsightly materials shall be used for 
providing the secure measure and such measure shall be erected in a 
workmanlike manner.  Before any construction commences on establishing the 
operation/storage area, Contractor shall take photographs and/or videos of 
the site in order to establish the original conditions of the site.  A 
duplicate set shall be made and submitted to the Government for its files.  
Upon completion and prior to the final acceptance of the contract work, the 
Contractor shall restore the area to its original condition. 

1.10   WORKING DIRECTIVES

1.10.1   Working Hours

All work shall be performed between the hours of 0730 to 1600 HST, Monday 
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through Friday.  No work shall be accomplished on Saturdays, Sundays, and 
all federal holidays without written permission from the Contracting 
Officer.  Such written permission shall be available at the job site at all 
times during construction.  

1.11   COORDINATION WITH UTILITY COMPANIES

Contractor shall coordinate with Hawaiian Electric Company (HECO), Verizon 
Hawaii (VZ), and Oceanic Cable, and pay required fees for the installation 
of the new joint use poles and relocation of cables.  The respective 
proposal letters by HECO (dated September 6 & 28, 2001), Oceanic Cable 
(dated September 7, 2001), and VZ (dated September 7, 2001), are attached 
at the end of this section.

1.12   USE OF PRODUCTS CONTAINING RECOVERED MATERIALS

Recovered materials are materials manufactured from waste material and 
byproducts that have been recycled or diverted from solid waste.  The 
Contractor shall give preference to products containing recovered material 
when price, performance, and availability meet project requirements.  A 
listing of products, including the recommended recovered material content, 
is provided by the Environmental Protection Agency at 
http://www.epa.gov/cpg/products.htm. Only those products having recovered 
material content equal to or greater than EPA guidelines shall be used to 
meet this requirement.

PART 2   PRODUCTS (NOT APPLICABLE)

PART 3   EXECUTION (NOT APPLICABLE)

    -- End of Section --
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SECTION 02220

DEMOLITION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ENGINEERING MANUALS (EM)

EM 385-1-1 (1996) U.S. Army Corps of Engineers Safety 
and Health Requirements Manual

1.2   GENERAL REQUIREMENTS

The work includes demolition and removal of resulting rubbish and debris.  
Rubbish and debris shall be removed from Government property daily, unless 
otherwise directed, to avoid accumulation at the demolition site.  
Materials that cannot be removed daily shall be stored in areas specified 
by the Contracting Officer.  In the interest of occupational safety and 
health, the work shall be performed in accordance with EM 385-1-1, Section 
23, Demolition, and other applicable Sections.  In the interest of 
conservation, salvage shall be pursued to the maximum extent possible; 
salvaged items and materials shall be disposed of as specified.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Work Plan

1.3.1   Work Plan

The procedures proposed for the accomplishment of the work.  The procedures 
shall provide for safe conduct of the work, including protection of 
property which is to remain undisturbed, coordination with other work in 
progress, and timely disconnection of utility services.  The procedures 
shall include a detailed description of the methods and equipment to be 
used for each operation, and the sequence of operations in accordance with 
EM 385-1-1.

1.4   DUST CONTROL

The amount of dust resulting from demolition shall be controlled to prevent 
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the spread of dust to occupied portions of the construction site and to 
avoid creation of a nuisance in the surrounding area.  Use of water will 
not be permitted when it will result in, or create, hazardous or 
objectionable conditions such as flooding and pollution.

1.5   PROTECTION

1.5.1   Protection of Trees

Trees within the project site which might be damaged during demolition, and 
which are indicated to be left in place, shall be protected by a 1.8 m (6 
foot) high fence.  The fence shall be securely erected a minimum of 1.5 m 
(5 feet) from the trunk of individual trees or follow the outer perimeter 
of branches or clumps of trees.  Any tree designated to remain that is 
damaged during the work under this contract shall be replaced in kind or as 
approved by the Contracting Officer.

1.5.2   Environmental Protection

The work shall comply with the requirements of Section 01430 ENVIRONMENTAL 
PROTECTION.

1.6   BURNING

The use of burning at the project site for the disposal of refuse and 
debris will not be permitted.

1.7   USE OF EXPLOSIVES

Use of explosives will not be permitted.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   EXISTING ITEMS TO BE REMOVED

All work shall be executed in an orderly and careful manner with due 
consideration for all items to remain.  All work shall be as indicated and 
as required to complete the removal work.  Removal shall be complete 
including supports and hangers.  Fasteners shall be removed to the extent 
that the surface can be patched smooth to receive new work or match the 
adjacent surface.

3.1.1   Patching

Where removals leave holes and damaged surfaces exposed in the finished 
work, patch and repair these holes and damaged surfaces to match adjacent 
finished surfaces.  Where new work is to be applied to existing surfaces, 
perform removals and patching in a manner to produce surfaces suitable for 
receiving new work.  Finished surfaces of patched area shall be flush with 
the adjacent existing surface and shall match the existing adjacent surface 
as closely as possible as to texture and finish.

3.1.2   Paving and Slabs

Remove concrete and asphaltic concrete paving and slabs in the areas 
indicated.  Where it is necessary to remove the existing pavement, the 
pavement shall be cut in neat parallel and straight lines.
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3.2   DISPOSITION OF MATERIAL

Title to material and equipment to be demolished, is vested in the 
Contractor upon receipt of notice to proceed.  The Government will not be 
responsible for the condition, loss or damage to such property after notice 
to proceed.

3.2.1   Unsalvageable Material

Noncombustible and combustible materials shall be disposed of off the site.

3.3   CLEAN UP

Debris and rubbish shall be removed from basement and similar excavations. 
Debris shall be removed and transported in a manner that prevents spillage 
on streets or adjacent areas.  Local regulations regarding hauling and 
disposal shall apply.

3.4   PAVEMENTS

Existing pavements designated for removal shall be saw cut and removed in 
accordance with the details shown on the drawings and to the limits and 
depths indicated on the drawings.

    -- End of Section --
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SECTION 02230

CLEARING AND GRUBBING

PART 1   GENERAL

1.1   DEFINITIONS

1.1.1   Clearing

Clearing shall consist of the felling, trimming, and cutting of trees into 
sections and the satisfactory disposal of the trees and other vegetation 
designated for removal, including down timber, snags, brush, and rubbish 
occurring in the areas to be cleared.

1.1.2   Grubbing

Grubbing shall consist of the removal and disposal of stumps, roots larger 
than 75 mm (3 inches) in diameter, and matted roots from the designated 
grubbing areas.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   CLEARING

Trees, stumps, roots, brush, and other vegetation in areas to be cleared 
shall be cut off flush with or below the original ground surface, except 
such trees and vegetation as may be indicated or directed to be left 
standing.  Trees and vegetation to be left standing shall be protected from 
damage incident to clearing, grubbing, and construction operations by the 
erection of barriers or by such other means as the circumstances require.

3.2   GRUBBING

Material to be grubbed, together with logs and other organic or metallic 
debris not suitable for foundation purposes, shall be removed to a depth of 
not less than 455 mm (18 inches) below the original surface level of the 
ground in areas indicated to be grubbed and in areas indicated as 
construction areas under this contract, such as areas to be paved.  
Depressions made by grubbing shall be filled with suitable material and 
compacted to make the surface conform with the original adjacent surface of 
the ground.

3.3   TREE REMOVAL

Where indicated or directed, trees and stumps that are designated as trees 
shall be removed from areas outside those areas designated for clearing and 
grubbing.  This work shall include the felling of such trees and the 
removal of their stumps and roots as specified in paragraph GRUBBING. Trees 
shall be disposed of as specified in paragraph DISPOSAL OF MATERIALS.

3.4   DISPOSAL OF MATERIALS
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Logs, stumps, roots, brush, rotten wood, and other refuse from the clearing 
and grubbing operations, shall be disposed of outside the limits of 
Government-controlled land at the Contractor's responsibility, except when 
otherwise directed in writing.  Such directive will state the conditions 
covering the disposal of such products and will also state the areas in 
which they may be placed.

        -- End of Section --
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SECTION 02300

EARTHWORK

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (1997) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 422 (1963; R 1998) Particle-Size Analysis of 
Soils

ASTM D 1140 (1997) Amount of Material in Soils Finer 
than the No. 200 (75-micrometer) Sieve

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method

ASTM D 2487 (1998) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System)

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
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do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   DEFINITIONS

1.2.1   Satisfactory Materials

Materials classified in ASTM D 2487 as GW, GP, GC, SW, SP, SM, SC, ML, MH, 
and CL and free from roots and other organic matter, trash, debris, stones 
larger than 150 mm (6 inches) in any dimension are satisfactory.  In 
addition, satisfactory materials shall have liquid limits less than 60 and 
plasticity indexes less than 30.  Liquid limit and plasticity index shall 
be determined in accordance with ASTM D 4318.

1.2.2   Unsatisfactory Materials

Unsatisfactory materials which do not comply with the requirements for 
satisfactory materials.  Unsatisfactory materials include, but is not 
limited to, those materials containing roots and other organic matter, 
trash, debris, and stones larger than 75 mm (3 inches) and materials 
classified in ASTM D 2487 as CH, Pt, OH and OL are unsatisfactory.  
Unsatisfactory materials also include man-made fills, refuse, or backfills 
from previous construction.

1.2.3   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP.  Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH.  Materials classified as GM and SM will be identified 
as cohesionless only when the fines are nonplastic.  Testing required for 
classifying materials shall be in accordance with ASTM D 4318, ASTM C 136, 
ASTM D 422, and ASTM D 1140.

1.2.4   Degree of Compaction

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure presented in AASHTO T 180 
abbreviated as a percent of laboratory maximum density.

1.2.5   Topsoil

Material suitable for topsoils obtained from offsite areas.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Earthwork

SD-06 Test Reports

Testing
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  Within 24 hours of conclusion of physical tests, 6 copies of 
test results, including calibration curves and results of 
calibration tests.

SD-07 Certificates

Testing

  Qualifications of the commercial testing laboratory or 
Contractor's testing facilities.

1.3.1   Earthwork

Notification of encountering rock in the project.  Advance notice on the 
opening of excavation or borrow areas.  Advance notice on shoulder 
construction for rigid pavements.

Procedure and location for disposal of unused satisfactory material. 
Blasting plan when blasting is permitted.  Proposed source of borrow 
material.

1.4   CLASSIFICATION OF EXCAVATION

No consideration will be given to the nature of the materials, and all 
excavation will be designated as unclassified excavation.

1.5   BLASTING

Blasting will not be permitted.

1.6   UTILIZATION OF EXCAVATED MATERIALS

Unsatisfactory materials removed from excavations shall be disposed of in 
designated waste disposal or spoil areas.  Satisfactory material removed 
from excavations shall be used, insofar as practicable, in the construction 
of fills, subgrades, shoulders, bedding (as backfill), and for similar 
purposes.  No satisfactory excavated material shall be wasted without 
specific written authorization.  Satisfactory material authorized to be 
wasted shall be disposed of in designated areas approved for surplus 
material storage or designated waste areas as directed.  Newly designated 
waste areas on Government-controlled land shall be cleared and grubbed 
before disposal of waste material thereon.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   STRIPPING OF TOPSOIL

Where indicated or directed, topsoil shall be stripped to a depth of 6 
millimeters (6 inches).  Topsoil shall be spread on areas already graded 
and prepared for topsoil, or transported and deposited in stockpiles 
convenient to areas that are to receive application of the topsoil later, 
or at locations indicated or specified.  Topsoil shall be kept separate 
from other excavated materials, brush, litter, objectionable weeds, roots, 
stones larger than 50 mm (2 inches) in diameter, and other materials that 
would interfere with planting and maintenance operations.  Any surplus of 
topsoil from excavations and grading shall be removed from the site.
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3.2   GENERAL EXCAVATION

The Contractor shall perform excavation of every type of material 
encountered within the limits of the project to the lines, grades, and 
elevations indicated and as specified.  Grading shall be in conformity with 
the typical sections shown and the tolerances specified in paragraph 
FINISHING.  Satisfactory excavated materials shall be transported to and 
placed in fill within the limits of the work.  Unsatisfactory materials 
encountered within the limits of the work shall be excavated below grade 
and replaced with satisfactory materials as directed.  Such excavated 
material and the satisfactory material ordered as replacement shall be 
included in excavation.  Surplus satisfactory excavated material not 
required for fill or embankment shall be disposed of in areas approved for 
surplus material storage or designated waste areas.  Unsatisfactory 
excavated material shall be disposed of in designated waste or spoil areas. 
 During construction, excavation and fill shall be performed in a manner 
and sequence that will provide proper drainage at all times.  Material 
required for fill or embankment in excess of that produced by excavation 
within the grading limits shall be excavated from the borrow areas 
indicated or from other approved areas selected by the Contractor as 
specified.

3.3   GRADING AREAS

Where indicated, work will be divided into grading areas within which 
satisfactory excavated material shall be placed in fills and required 
backfills.  The Contractor shall not haul satisfactory material excavated 
in one grading area to another grading area except when so directed in 
writing.

3.4   BACKFILL

Backfill adjacent to any and all types of structures shall be placed and 
compacted to at least 90 percent laboratory maximum density for cohesive 
materials or 95 percent laboratory maximum density for cohesionless 
materials to prevent wedging action or eccentric loading upon or against 
the structure.  Compaction shall be accomplished by sheepsfoot rollers, 
pneumatic-tired rollers, steel-wheeled rollers, vibratory compactors, or 
other approved equipment.

3.5   SUBGRADE PREPARATION

3.5.1   Construction

Subgrade shall be shaped to line, grade, and cross section, and compacted 
as specified.  This operation shall include plowing, disking, and any 
moistening or aerating required to obtain specified compaction.  Soft or 
otherwise unsatisfactory material shall be removed and replaced with 
satisfactory excavated material or other approved material as directed. 
Rock encountered in the cut section shall be excavated to a depth of 150 mm 
(6 inches) below finished grade for the subgrade.  Low areas resulting from 
removal of unsatisfactory material or excavation of rock shall be brought 
up to required grade with satisfactory materials, and the entire subgrade 
shall be shaped to line, grade, and cross section and compacted as 
specified.  The elevation of the finish subgrade shall not vary more than 
15 mm (0.05 foot) from the established grade and cross section.

3.5.2   Compaction
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Compaction shall be accomplished by sheepsfoot rollers, pneumatic-tired 
rollers, steel-wheeled rollers, vibratory compactors, or other approved 
equipment.  Except for paved areas, each layer shall be compacted to at 
least 90 percent of laboratory maximum density.

3.5.2.1   Subgrade for Pavements

Subgrade for pavements shall be compacted to at least 95 percentage 
laboratory maximum density.  The top 300 mm (12 inches) of subgrade shall 
be scarified, windrowed, thoroughly blended, reshaped, and compacted.

3.5.2.2   Subgrade for Shoulders

Subgrade for shoulders shall be compacted to at least 95 percentage 
laboratory maximum density for the full depth of the shoulder.

3.6   SHOULDER CONSTRUCTION

Shoulders shall be constructed of satisfactory excavated or borrow material 
or as otherwise shown or specified.  Shoulders shall be constructed as soon 
as possible after adjacent paving is complete, but in the case of rigid 
pavements, shoulders shall not be constructed until permission of the 
Contracting Officer has been obtained.  The entire shoulder area shall be 
compacted to at least the percentage of maximum density as specified in 
paragraph SUBGRADE PREPARATION above, for specific ranges of depth below 
the surface of the shoulder.  Compaction shall be accomplished by 
sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled rollers, 
vibratory compactors, or other approved equipment.  Shoulder construction 
shall be done in proper sequence in such a manner that adjacent ditches 
will be drained effectively and that no damage of any kind is done to the 
adjacent completed pavement.  The completed shoulders shall be true to 
alignment and grade and shaped to drain in conformity with the cross 
section shown.

3.7   FINISHING

The surface of excavations, embankments, and subgrades shall be finished to 
a smooth and compact surface in accordance with the lines, grades, and 
cross sections or elevations shown.  The degree of finish for graded areas 
shall be within 30 mm (0.1 foot) of the grades and elevations indicated 
except that the degree of finish for subgrades shall be specified in 
paragraph SUBGRADE PREPARATION.  The surface of areas to be turfed shall be 
finished to a smoothness suitable for the application of turfing materials.

3.8   PLACING TOPSOIL

On areas to receive topsoil, the compacted subgrade soil shall be scarified 
to a 50 mm (2 inch) depth for bonding of topsoil with subsoil.  Topsoil 
then shall be spread evenly to a thickness of 100 mm (4 inch) and graded to 
the elevations and slopes shown.  Topsoil shall not be spread when 
excessively wet or dry.  Material required for topsoil in excess of that 
produced by excavation within the grading limits shall be obtained from 
offsite areas.

3.9   TESTING

Testing shall be performed by an approved commercial testing laboratory or 
by the Contractor subject to approval.  If the Contractor elects to 
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establish testing facilities, no work requiring testing will be permitted 
until the Contractor's facilities have been inspected and approved by the 
Contracting Officer.  Field in-place density shall be determined in 
accordance with ASTM D 1556.  When test results indicate, as determined by 
the Contracting Officer, that compaction is not as specified, the material 
shall be removed, replaced and recompacted to meet specification 
requirements.  Tests on recompacted areas shall be performed to determine 
conformance with specification requirements.  Inspections and test results 
shall be certified by a registered professional civil engineer.  These 
certifications shall state that the tests and observations were performed 
by or under the direct supervision of the engineer and that the results are 
representative of the materials or conditions being certified by the tests. 
 The following number of tests, if performed at the appropriate time, will 
be the minimum acceptable for each type operation.

3.9.1   Fill and Backfill Material Gradation

One test per 764 cubic meters (1000 cubic yards) stockpiled or in-place 
source material.  Gradation of fill and backfill material shall be 
determined in accordance with ASTM C 136.

3.9.2   In-Place Densities

a.  One test per 5,000 square meters (5,980 square yards), or fraction 
thereof, of each lift of fill or backfill areas compacted by other 
than hand-operated machines.

b.  One test per 5,000 square meters (5,980 square yards), or fraction 
thereof, of each lift of fill or backfill areas compacted by 
hand-operated machines.

c.  One test per 500 linear meters (1,644 feet), or fraction thereof, 
of each lift of backfill for roads.

3.9.3   Moisture Contents

In the stockpile, excavation, or borrow areas, a minimum of two tests per 
day per type of material or source of material being placed during stable 
weather conditions shall be performed.  During unstable weather, tests 
shall be made as dictated by local conditions and approved by the 
Contracting Officer.

3.9.4   Optimum Moisture and Laboratory Maximum Density

Tests shall be made for each type material or source of material including 
borrow material to determine the optimum moisture and laboratory maximum 
density values.  One representative test per 1000 cubic meters (1309 cubic 
yards) of fill and backfill, or when any change in material occurs which 
may affect the optimum moisture content or laboratory maximum density.

3.9.5   Tolerance Tests for Subgrades

Continuous checks on the degree of finish specified in paragraph SUBGRADE 
PREPARATION shall be made during construction of the subgrades.

3.10   SUBGRADE PROTECTION

During construction, excavations shall be kept shaped and drained.  The 
finished subgrade shall not be disturbed by traffic or other operation and 
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shall be protected and maintained by the Contractor in a satisfactory 
condition until ballast, subbase, base, or pavement is placed.  The storage 
or stockpiling of materials on the finished subgrade will not be permitted. 
 No subbase, base course, or pavement shall be laid until the subgrade has 
been checked and approved, and in no case shall subbase, base, surfacing, 
or pavement, be placed on a muddy or spongy subgrade.

    -- End of Section --
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SECTION 02315

EXCAVATION, FILLING AND BACKFILLING FOR BUILDINGS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (1997) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 117 (1995) Materials Finer Than 75 Micrometer 
(No. 200) Sieve in Mineral Aggregates by 
Washing

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 422 (1963; R 1998) Particle-Size Analysis of 
Soils

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method

ASTM D 2216 (1998) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock

ASTM D 2487 (1998) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System)

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
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do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   DEGREE OF COMPACTION

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure presented in AASHTO T 180, 
abbreviated as a percent of laboratory maximum density.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-06 Test Reports

Testing

  Copies of all laboratory and field test reports within 24 hours 
of the completion of the test.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Satisfactory Materials

Materials classified in ASTM D 2487 as GW, GP, GC, SW, SP, SM, SC, ML, MH, 
and CL and free from roots and other organic matter, trash, debris, stones 
larger than 150 mm (6 inchs) in any dimension are satisfactory.  In 
addition, satisfactory materials shall have liquid limits less than 60 and 
plasticity indexes less than 30.  Liquid limit and plasticity index shall 
be determined in accordance with ASTM D 4318.

2.1.2   Unsatisfactory Materials

Unsatisfactory materials which do not comply with the requirements for 
satisfactory materials.  Unsatisfactory materials include, but is not 
limited to, those materials containing roots and other organic matter, 
trash, debris, and stones larger than 75 mm (3 inches) and materials 
classified in ASTM D 2487 as CH, Pt, OH and OL are unsatisfactory.  
Unsatisfactory materials also include man-made fills, refuse, or backfills 
from previous construction.

2.1.3   Cohesionless and Cohesive Materials

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP.  Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH.  Materials classified as GM, GP-GM, GW-GM, SW-SM, 
SP-SM, and SM shall be identified as cohesionless only when the fines are 
nonplastic.  Testing required for classifying materials shall be in 
accordance with ASTM C 117,  ASTM C 136,  ASTM D 422, and ASTM D 4318 as 
applicable.

2.1.4   Expansive Soils
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Expansive soils are defined as soils that have a plasticity index equal to 
or greater than 30 when tested in accordance with ASTM D 4318.

PART 3   EXECUTION

3.1   CLEARING AND GRUBBING

Clearing and grubbing is specified in Section 02230 CLEARING AND GRUBBING.

3.2   EXCAVATION

Excavation shall conform to the dimensions and elevations indicated for 
each building, structure, and footing except as specified, and shall 
include trenching for utility and foundation drainage systems to a point 
1.5 m (5 feet) beyond the building line of each building and structure, and 
all work incidental thereof.  Excavation shall extend a sufficient distance 
from walls and footings to allow for placing and removal of forms.  
Excavations below indicated depths will not be permitted except to remove 
unsatisfactory material.  Unsatisfactory material encountered below the 
grades shown shall be replaced with satisfactory material; and payment will 
be made in conformance with the CHANGES clause of the CONTRACT CLAUSES.  
Satisfactory material removed below the depths indicated, without specific 
direction of the Contracting Officer, shall be replaced, at no additional 
cost to the Government, with satisfactory materials to the indicated 
excavation grade; except that concrete footings shall be increased in 
thickness to the bottom of the overdepth excavations and over-break in rock 
excavation.  Satisfactory material shall be placed and compacted as 
specified in paragraph FILLING AND BACKFILLING.  Determination of 
elevations and measurements of approved overdepth excavation of 
unsatisfactory material below grades indicated shall be done under the 
direction of the Contracting Officer.

3.3   CLASSIFICATION OF EXCAVATION

Excavation will be unclassified regardless of the nature of material 
encountered.

3.4   BLASTING

Blasting will not be permitted.

3.5   EXCAVATED MATERIALS

Satisfactory excavated material required for fill or backfill shall be 
placed in the proper section of the permanent work required under this 
section or shall be separately stockpiled if it cannot be readily placed. 
Satisfactory material in excess of that required for the permanent work and 
all unsatisfactory material shall be disposed of off Government property.

3.6   FINAL GRADE OF SURFACES TO SUPPORT CONCRETE

Excavation to final grade shall not be made until just before concrete is 
to be placed.

3.7   SUBGRADE PREPARATION

Unsatisfactory material in surfaces to receive fill or in excavated areas 
shall be removed and replaced with satisfactory materials as directed by 
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the Contracting Officer.  The surface shall be scarified to a depth of 150 
mm (6 inches) before the fill is started.  When subgrades are less than the 
specified density, the ground surface shall be broken up to a minimum depth 
of 150 mm (6 inches), pulverized, and compacted to the specified density.  
When the subgrade is part fill and part excavation or natural ground, the 
excavated or natural ground portion shall be scarified to a depth of 300 mm 
(12 inches) and compacted as specified for the adjacent fill.  Material 
shall not be placed on surfaces that are muddy.  Compaction shall be 
accomplished by approved equipment well suited to the soil being compacted. 
 Material shall be moistened or aerated as necessary to provide the 
moisture content that will readily facilitate obtaining the specified 
compaction with the equipment used.  Minimum subgrade density shall be as 
specified in paragraph FILLING AND BACKFILLING.

3.8   FILLING AND BACKFILLING

Satisfactory materials shall be used in bringing fills and backfills to the 
lines and grades indicated and for replacing unsatisfactory materials.  
Satisfactory materials shall be placed in horizontal layers not exceeding 
200 mm (8 inches) in loose thickness, or 150 mm (6 inches) when 
hand-operated compactors are used.  After placing, each layer shall be 
plowed, disked, or otherwise broken up, moistened or aerated as necessary, 
thoroughly mixed and compacted as specified.  Backfilling shall not begin 
until construction below finish grade has been approved, underground 
utilities systems have been inspected, tested and approved, forms removed, 
and the excavation cleaned of trash and debris.  Backfill shall be brought 
to indicated finish grade.  Backfill shall not be placed in wet areas.  
Heavy equipment for spreading and compacting backfill shall not be operated 
closer to foundation or retaining walls than a distance equal to the height 
of backfill above the top of footing; the area remaining shall be compacted 
in layers not more than 100 mm (4 inches) in compacted thickness with 
power-driven hand tampers suitable for the material being compacted.   
Backfill shall not be placed against foundation walls prior to 7 days after 
completion of the walls.  As far as practicable, backfill shall be brought 
up evenly on each side of the wall and sloped to drain away from the wall.  
Each layer of fill and backfill shall be compacted to not less than the 
percentage of maximum density specified below:

                                            Percent Laboratory
                                              maximum density
                                            __________________

                                        Cohesive         Cohesionless
                                        material           material
                                        ________           ________

   Fill and backfill
   ______________________________

  Under structures, building slabs,
    paved areas, and around
    footings                               90                 95

  Under sidewalks and grassed areas        85                 90

    Subgrade
    ________

  Under building slabs, and paved
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                                            Percent Laboratory
                                              maximum density
                                            __________________

                                        Cohesive         Cohesionless
                                        material           material
                                        ________           ________
    areas, top 300 mm (12 inches)            90                95

  Under sidewalks, top 150 mm (6 inches)     85                90

Approved compacted subgrades that are disturbed by the Contractor's 
operations or adverse weather shall be scarified and compacted as specified 
herein before to the required density prior to further construction 
thereon.  Recompaction over underground utilities and heating lines shall 
be by hand tamping.

3.9   TESTING

Testing shall be the responsibility of the Contractor and shall be 
performed at no additional cost to the Government.  Testing shall be 
performed by an approved commercial testing laboratory or may be performed 
by the Contractor subject to approval.  Field in-place density shall be 
determined in accordance with ASTM D 1556.  The following number of tests, 
if performed at the appropriate time, shall be the minimum acceptable for 
each type operation.  Copies of field and laboratory density tests shall be 
furnished to the Contracting Officer within 24 hours of conclusion of the 
tests.

3.9.1   In-Place Densities

In-place density and moisture content test results shall be included with 
the Contractor's daily construction quality control reports.

3.9.1.1   In-Place Density of Subgrades

One test per 100 square meters (1076 square foot) or fraction thereof.

3.9.1.2   In-Place Density of Fills and Backfills

One test per 100 square meters (1076 square foot) or fraction thereof of 
each lift for fill or backfill areas compacted by other than hand or 
hand-operated machines.  The density for each lift of fill or backfill 
materials for building perimeters or other structures or areas less than 10 
meters (33 feet) in width, which are compacted with hand or hand-operated 
machines shall be tested as follows:  One test per each area less than 100 
square meters (1076 square feet).

3.9.2   Moisture Content

In the stockpile, excavation or borrow areas, a minimum of two tests per 
day per type of material or source of materials being placed is required 
during stable weather conditions.  During unstable weather, tests shall be 
made as dictated by local conditions and approved moisture content shall be 
tested in accordance with ASTM D 2216.

3.9.3   Optimum Moisture and Laboratory Maximum Density
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Tests shall be made for each type material or source of material, including 
borrow material to determine the optimum moisture and laboratory maximum 
density values.  One representative test per 50 cubic meters (65 cubic 
yards) of fill and backfill, or when any change in material occurs which 
may affect the optimum moisture content or laboratory maximum density will 
be made.

3.10   GRADING

Areas within 1.5 m (5 feet) outside of each building and structure line 
shall be constructed true-to-grade, shaped to drain, and shall be 
maintained free of trash and debris until final inspection has been 
completed and the work has been accepted.

3.10.1   Spreading Topsoil

Grade surface free of objectionable materials interfering with planting and 
maintenance operations.  Do not place topsoil when the subgrade is 
extremely wet or dry, or in other conditions detrimental to seeding, 
planting, or grading.

3.10.2   Disposition of Surplus Material

Surplus or other soil material not required or suitable for filling or 
backfilling shall be removed from Government property.

3.10.3   Restoration

All disturbed work, including grassing, plantings, and pavements, shall be 
restored to their original condition or better.  Replacement materials 
shall be subject to the approval of the Contracting Officer.  All remaining 
work that will be exposed shall have all damaged, unfinished areas, or 
defects caused by the removal and preparatory work completely repaired, 
patched or filled in as required to match the adjoining existing surfaces.  
Where the method of repair work is not indicated or specified, the 
Contractor shall perform the repair work in accordance with the best 
recognized workmanlike procedure for the area and the surrounding 
construction involved.

3.11   PROTECTION

Settlement or washing that occurs in graded, topsoiled, or backfilled areas 
prior to acceptance of the work, shall be repaired and grades reestablished 
to the required elevations and slopes.

    -- End of Section --
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SECTION 02316

EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (1997) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 117 (1995) Materials Finer Than 75 Micrometer 
(No. 200) Sieve in Mineral Aggregates by 
Washing

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 422 (1963; R 1998) Particle-Size Analysis of 
Soils

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method

ASTM D 2487 (1998) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System)

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

SECTION 02316  Page 2



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

1.2   DEGREE OF COMPACTION

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure presented in AASHTO T 180, 
abbreviated as a percent of laboratory maximum density.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-06 Test Reports

Field Density Tests
Testing of Backfill Materials

  Copies of all laboratory and field test reports within 24 hours 
of the completion of the test.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Satisfactory Materials

Materials classified in ASTM D 2487 as GW, GP, GC, SW, SP, SM, SC, ML, MH, 
and CL and free from roots and other organic matter, trash, debris, stones 
larger than 150 mm (6") in any dimension are satisfactory.  In addition, 
satisfactory materials shall have liquid limits less than 60 and plasticity 
indexes less than 30.  Liquid limit and plasticity index shall be 
determined in accordance with ASTM D 4318.

2.1.2   Unsatisfactory Materials

Materials which do not comply with the requirements for satisfactory 
materials are unsatisfactory.  Unsatisfactory materials also include 
man-made fills, trash, refuse, or backfills from previous construction.  
Unsatisfactory material also includes material classified as satisfactory 
which contains root and other organic matter, and stones larger than 75 mm 
(3 inches).  The Contracting Officer shall be notified of any contaminated 
materials.

2.1.3   Cohesionless and Cohesive Materials

Cohesionless materials shall include materials classified in ASTM D 2487 as 
GW, GP, SW, and SP.  Cohesive materials shall include materials classified 
as GC, SC, ML, CL, MH, and CH.  Materials classified as GM and SM shall be 
identified as cohesionless only when the fines are nonplastic.  Testing 
required for classifying materials shall be in accordance with ASTM C 117,  
ASTM C 136, ASTM D 422, and ASTM D 4318 as applicable.

2.1.4   Rock

Rock shall consist of boulders measuring 1/2 cubic meter (1/2 cubic yard) 
or more and materials that cannot be removed without systematic drilling 
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and blasting such as rock material in ledges, bedded deposits, unstratified 
masses and conglomerate deposits, and below ground concrete or masonry 
structures, exceeding 1/2 cubic meter (1/2 cubic yard) in volume, except 
that pavements shall not be considered as rock.

2.1.5   Unyielding Material

Unyielding material shall consist of rock and gravelly soils with stones 
greater than 75 millimeters (3 inches)in any dimension or as defined by the 
pipe manufacturer, whichever is smaller.

2.1.6   Unstable Material

Unstable material shall consist of materials too wet to properly support 
the utility pipe, conduit, or appurtenant structure.

2.1.7   Select Granular Material

Select granular material shall consist of well-graded sand, gravel or 
crushed gravel, crushed stone, and shall contain not more than 10 percent 
by weight of material passing a 0.075 mm (No. 200) mesh sieve and no less 
than 95 percent by weight passing the 25 mm (l inch) sieve.  The maximum 
allowable aggregate size shall be 75 millimeters (3 inches), or the maximum 
size recommended by the pipe manufacturer, whichever is smaller.

2.1.8   Initial Backfill Material

Initial backfill shall consist of select granular material or satisfactory 
materials free from rocks 50 millimeters (2 inches) or larger in any 
dimension or free from rocks of such size as recommended by the pipe 
manufacturer, whichever is smaller.  When the pipe is coated or wrapped for 
corrosion protection, the initial backfill material shall be free of stones 
larger than 50 millimeters (2 inches) in any dimension or as recommended by 
the pipe manufacturer, whichever is smaller.

2.1.9   S4C

Crushed basaltic Grade B rock, 9 mm (3/8") maximum size, and when tested in 
accordance with ASTM C 136, the percentage passing the 0.0475 mm (No. 4) 
mesh sieve shall be not less than 20 nor more than 50 percent, and the 
percentage passing the 0.075 mm (No. 200) mesh sieve (washed gradation) 
shall not exceed 10 percent.  The portion of material passing the (No. 40) 
425 micrometer sieve shall have a liquid limit less than 25 and a 
plasticity index less than 5.  Liquid limit and plasticity index shall be 
determined in accordance with ASTM D 4318.

2.2   PLASTIC MARKING TAPE

Plastic marking tape shall be acid and alkali-resistant polyethylene film, 
152 mm (6 inches) wide with minimum thickness of 0.102 mm (0.004 inch).   
Tape shall have a minimum strength of 12.1 MPa (1750 psi) lengthwise and 
10.3 MPa (1500 psi) crosswise.  The tape shall be manufactured with 
integral wires, foil backing or other means to enable detection by a metal 
detector when the tape is buried up to 1 meter (3 feet) deep.  The tape 
shall be of a type specifically manufactured for marking and locating 
underground utilities.  The metallic core of the tape shall be encased in a 
protective jacket or provided with other means to protect it from 
corrosion.  Tape color shall be as specified in TABLE 1 and shall bear a 
continuous printed inscription describing the specific utility.
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TABLE 1.  Tape Color

                Red:            Electric
                Orange:         Telephone 
                Blue:           Water Systems
                Green:          Sewer Systems

PART 3   EXECUTION

3.1   EXCAVATION

Excavation shall be performed to the lines and grades indicated.  Rock 
excavation shall include removal and disposition of material defined as 
rock in paragraph MATERIALS.  Earth excavation shall include removal and 
disposal of material not classified as rock excavation.  During excavation, 
material satisfactory for backfilling shall be stockpiled in an orderly 
manner at a distance from the banks of the trench equal to 1/2 the depth of 
the excavation, but in no instance closer than 600 mm (2 feet).  Excavated 
material not required or not satisfactory for backfill shall be removed 
from the site.  Grading shall be done as may be necessary to prevent 
surface water from flowing into the excavation, and any water accumulating 
shall be removed to maintain the stability of the bottom and sides of the 
excavation.  Unauthorized overexcavation shall be backfilled in accordance 
with paragraph BACKFILLING AND COMPACTION at no additional cost to the 
Government.

3.1.1   Trench Excavation Requirements

The trench shall be excavated as recommended by the manufacturer of the 
pipe to be installed.  Trench walls below the top of the pipe shall be 
sloped, or made vertical, and of such width as recommended in the 
manufacturer's installation manual.  Where no manufacturer's installation 
manual is available, trench walls shall be made vertical.  Trench walls 
more than 1.5 meters (5 feet) high shall be shored, cut back to a stable 
slope, or provided with equivalent means of protection for employees who 
may be exposed to moving ground or cave in.  Trench walls which are cut 
back shall be excavated to at least the angle of repose of the soil.  
Special attention shall be given to slopes which may be adversely affected 
by weather or moisture content.  The trench width below the top of pipe 
shall not exceed 600 mm (24 inches).

3.1.1.1   Bottom Preparation

The bottoms of trenches shall be accurately graded to provide uniform 
bearing and support for the bottom quadrant of each section of the pipe.  
Bell holes shall be excavated to the necessary size at each joint or 
coupling to eliminate point bearing.  Stones of 75 millimeters (3 inches) 
or greater in any dimension, or as recommended by the pipe manufacturer, 
whichever is smaller, shall be removed to avoid point bearing.

3.1.1.2   Removal of Unyielding Material

Where unyielding material is encountered in the bottom of the trench, such 
material shall be removed 100 millimeters (4 inches) below the required 
grade and replaced with suitable materials as provided in paragraph 
BACKFILLING AND COMPACTION.

3.1.1.3   Removal of Unstable Material
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Where unstable material is encountered in the bottom of the trench, such 
material shall be removed to the depth directed and replaced to the proper 
grade with select granular material as provided in paragraph BACKFILLING 
AND COMPACTION.  When removal of unstable material is required due to the 
Contractor's fault or neglect in performing the work, the resulting 
material shall be excavated and replaced by the Contractor without 
additional cost to the Government.

3.1.2   Stockpiles

Stockpiles of satisfactory shall be placed and graded as specified.  
Stockpiles shall be kept in a neat and well drained condition, giving due 
consideration to drainage at all times.  The ground surface at stockpile 
locations shall be cleared, grubbed, and sealed by rubber-tired equipment, 
excavated satisfactory and unsatisfactory materials shall be separately 
stockpiled.  Stockpiles of satisfactory materials shall be protected from 
contamination which may destroy the quality and fitness of the stockpiled 
material.  If the Contractor fails to protect the stockpiles, and any 
material becomes unsatisfactory, such material shall be removed and 
replaced with satisfactory material from approved sources at no additional 
cost to the Government.

3.2   BACKFILLING AND COMPACTION

Backfill material shall consist of satisfactory material, select granular 
material, or initial backfill material as required.  Backfill shall be 
placed in layers not exceeding 150 mm (6 inches) loose thickness for 
compaction by hand operated machine compactors, and 200 mm (8 inches) loose 
thickness for other than hand operated machines, unless otherwise 
specified.  Each layer shall be compacted to at least 95 percent maximum 
density for cohesionless soils and 90 percent maximum density for cohesive 
soils, unless otherwise specified.

3.2.1   Trench Backfill

Trenches shall be backfilled to the grade shown.  S4C shall be used from 
bidding to bottom of base course for all trenching under pavement.  The 
trench shall be backfilled to 200 millimeters (2 feet) above the top of 
pipe prior to performing the required pressure tests.  The joints and 
couplings shall be left uncovered during the pressure test.

3.2.1.1   Replacement of Unyielding Material

Unyielding material removed from the bottom of the trench shall be replaced 
with select granular material or initial backfill material.

3.2.1.2   Replacement of Unstable Material

Unstable material removed from the bottom of the trench or excavation shall 
be replaced with select granular material placed in layers not exceeding 
150 mm (6 inches) loose thickness.

3.2.1.3   Bedding and Initial Backfill

Bedding shall be of the type and thickness shown.  S4C shall be used from 
bidding to bottom of base course for all trenching under pavement.  Initial 
backfill material shall be placed and compacted with approved tampers to a 
height of at least one foot above the utility pipe or conduit.  The 
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backfill shall be brought up evenly on both sides of the pipe for the full 
length of the pipe.  Care shall be taken to ensure thorough compaction of 
the fill under the haunches of the pipe.

3.2.1.4   Final Backfill

The remainder of the trench, except for special materials for roadways,  
shall be filled with satisfactory material.  Backfill material shall be 
placed and compacted as follows:

a.  Roadways:  Backfill shall be placed up to the elevation at which 
the requirements in Section 02300 EARTHWORK control.  Water 
flooding or jetting methods of compaction will not be permitted.

b.  Sidewalks, Turfed or Seeded Areas and Miscellaneous Areas:  
Backfill shall be deposited in layers of a maximum of 300 mm (12 
inch) loose thickness, and compacted to 85 percent maximum density 
for cohesive soils and 90 percent maximum density for cohesionless 
soils.  Compaction by water flooding or jetting will not be 
permitted.  This requirement shall also apply to all other areas 
not specifically designated above.

3.3   SPECIAL REQUIREMENTS

Special requirements for both excavation and backfill relating to the 
specific utilities are as follows:

3.3.1   Water Lines

Trenches shall be of a depth to provide a minimum cover of 75 mm (2.5 feet) 
from the existing ground surface, or from the indicated finished grade, 
whichever is lower, to the top of the pipe. 

3.3.2   Electrical Distribution System

Direct burial cable and conduit or duct line shall have a minimum cover of 
600 mm (24 inches) from the finished grade, unless otherwise indicated.  

3.3.3   Plastic Marking Tape

Warning tapes shall be installed directly above the pipe, at a depth of 450 
millimeters (18 inches) below finished grade unless otherwise shown.

3.4   TESTING

Testing shall be the responsibility of the Contractor and shall be 
performed at no additional cost to the Government.

3.4.1   Testing Facilities

Tests shall be performed by an approved commercial testing laboratory or 
may be tested by facilities furnished by the Contractor.  No work requiring 
testing will be permitted until the facilities have been inspected and 
approved by the Contracting Officer.

3.4.2   Testing of Backfill Materials

Classification of backfill materials shall be determined in accordance with 
ASTM D 2487 and the moisture-density relations of soils shall be determined 
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in accordance with AASHTO T 180.  A minimum of one soil classification and 
one moisture-density relation test shall be performed on each different 
type of material used for bedding and backfill.

3.4.3   Field Density Tests

Tests shall be performed in sufficient numbers to ensure that the specified 
density is being obtained.  A minimum of one field density test per lift of 
backfill for every 50 meters (164 feet) of installation shall be performed. 
 One moisture density relationship shall be determined for every 25 cubic 
meters (33 cubic yards) of material used.  Field in-place density shall be 
determined in accordance with ASTM D 1556.

    -- End of Section --
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SECTION 02510

WATER DISTRIBUTION SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 88M (1999) Seamless Copper Water Tube (Metric)

ASME INTERNATIONAL (ASME)

ASME B16.26 (1988) Cast Copper Alloy Fittings for 
Flared Copper Tubes

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA B300 (1999) Hypochlorites

AWWA B301 (1992; Addenda B301a - 1999) Liquid 
Chlorine

AWWA C600 (1999) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

AWWA C651 (1992) Disinfecting Water Mains

AWWA C701 (1988) Cold-Water Meters - Turbine Type, 
for Customer Service

AWWA C706 (1996) Direct-Reading, Remote-Registration 
Systems for Cold-Water Meters

AWWA C707 (1982; R 1992) Encoder-Type 
Remote-Registration Systems for Cold-Water 
Meters

AWWA C800 (1989) Underground Service Line Valves and 
Fittings

DUCTILE IRON PIPE RESEARCH ASSOCIATION (DIPRA)

DIPRA-Restraint Design (1997) Thrust Restraint Design for Ductile 
Iron Pipe

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)
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MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 24 (1995) Installation of Private Fire 
Service Mains and Their Appurtenances 

1.2   PIPING

This section covers water service line, and connection to building service 
at a point approximately 1.5 m (5 feet) outside building to which service 
is required.  The Contractor shall have a copy of the manufacturer's 
recommendations for each material or procedure to be utilized available at 
the construction site at all times.

1.2.1   Service Line

Piping for water service lines less than 80 mm (3 inches) in diameter shall 
be copper tubing, unless otherwise shown or specified.  

1.2.2   Excavation, Trenching, and Backfilling

Excavation, trenching, and backfilling shall be in accordance with the 
applicable provisions of Section 02316 EXCAVATION, TRENCHING, AND 
BACKFILLING FOR UTILITIES SYSTEMS, except as modified herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Installation.

  The manufacturer's recommendations for each material or 
procedure to be utilized.

Waste Water Disposal Method.

Satisfactory Installation.

SD-06 Test Reports

Bacteriological Disinfection.

  Test results from commercial laboratory verifying disinfection.

SD-07 Certificates

Meters

  Manufacturer's certificate stating that each meter furnished has 
been tested for accuracy of registration and compliance with the 
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accuracy and capacity requirements of the appropriate AWWA 
standard.

1.3.1   Waste Water Disposal Method

The method proposed for disposal of waste water from hydrostatic tests and 
disinfection, prior to performing hydrostatic tests.

1.3.2   Satisfactory Installation

A statement signed by the principal officer of the contracting firm stating 
that the installation is satisfactory and in accordance with the contract 
drawings and specifications, and the manufacturer's prescribed procedures 
and techniques, upon completion of the project and before final acceptance.

1.4   HANDLING

Pipe and accessories shall be handled to ensure delivery to the trench in 
sound, undamaged condition.  Pipe shall be carried into position and not 
dragged.  Use of pinch bars and tongs for aligning or turning pipe will be 
permitted only on the bare ends of the pipe.  The interior of pipe and 
accessories shall be thoroughly cleaned of foreign matter before being 
lowered into the trench and shall be kept clean during laying operations by 
plugging or other approved method.  Before installation, the pipe shall be 
inspected for defects.  Material found to be defective before or after 
laying shall be replaced with sound material without additional expense to 
the Government.

PART 2   PRODUCTS

2.1   PIPE

Pipe shall conform to the respective specifications and other requirements 
specified below.

2.1.1   Copper Tubing

Copper tubing shall conform to ASTM B 88M , Type K, annealed.

2.2   FITTINGS AND SPECIALS

2.2.1   Copper Tubing System

Fittings and specials shall be flared and conform to ASME B16.26.

2.3   JOINTS

2.3.1   Copper Tubing Jointing

Joints shall be compression-pattern flared and shall be made with the 
specified fittings.

2.4   VALVES

2.4.1   Gate Valves

Gate valves shall be designed for a working pressure of not less than 1.03 
MPa (150 psi).  Valve connections shall be as required for the piping in 
which they are installed.  Valves shall have a clear waterway equal to the 
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full nominal diameter of the valve, and shall be opened by turning 
counterclockwise.  The operating nut or wheel shall have an arrow, cast in 
the metal, indicating the direction of opening.

a.  Valves smaller than 80 mm (3 inches) shall be all bronze and shall 
conform to MSS SP-80, Type 1, Class 150.

2.4.2   Pressure Reducing Valves

Pressure reducing valves shall maintain a constant downstream pressure 
regardless of fluctuations in demand.  Valves shall be suitable for 1.03 
MPa (150 psi) operating pressure on the inlet side, with outlet pressure 
set for 413 KPa (60 psi).  The valves shall be of the 
hydraulically-operated, pilot controlled, globe or angle type, and may be 
actuated either by diaphragm or piston.  The pilot control shall be the 
diaphragm-operated, adjustable, spring-loaded type, designed to permit flow 
when controlling pressure exceeds the spring setting.  Ends shall be 
threaded.  Valve bodies shall be bronze, cast iron or cast steel with 
bronze trim.  Valve stem shall be stainless steel.  Valve discs and 
diaphragms shall be synthetic rubber.  Valve seats shall be bronze.  Pilot 
controls shall be bronze with stainless steel working parts.

2.5   VALVE BOXES

Valve boxes shall be cast iron or concrete, except that concrete boxes may 
be installed only in locations not subjected to vehicular traffic. 
Cast-iron boxes shall be extension type with slide-type adjustment and with 
flared base.  The minimum thickness of metal shall be 5 mm (3/16 inch).  
Concrete box shall be the standard product of a manufacturer of precast 
concrete equipment.  The word "WATER" shall be cast in the cover.  The box 
length shall adapt, without full extension, to the depth of cover required 
over the pipe at the valve location.

2.6   MISCELLANEOUS ITEMS

2.6.1   Service Clamps

Service clamps shall have a pressure rating not less than that of the pipe 
to be connected and shall be either the single or double flattened strap 
type.  Clamps shall have a galvanized malleable-iron body with cadmium 
plated straps and nuts.  Clamps shall have a rubber gasket cemented to the 
body.

2.6.2   Corporation Stops

Corporation stops shall have standard corporation stop thread conforming to 
AWWA C800 on the inlet end, with flanged joints, compression pattern flared 
tube couplings, or wiped joints for connections to goosenecks.

2.6.3   Goosenecks

Copper tubing for gooseneck connections shall conform to the applicable 
requirements of ASTM B 88M , Type K, annealed.  Length of cable requirement 
connections shall be in accordance with standard practice.

2.6.4   Service Box

Service box shall be cast iron or concrete and shall be extension service 
boxes of the length required for the depth of the line, with either screw 
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or slide-type adjustment.  The box shall have housing of sufficient size to 
completely cover the service stop or valve and shall be complete with 
identifying covers.

2.6.5   Disinfection

Chlorinating materials shall conform to the following:

Chlorine, Liquid:  AWWA B301.

Hypochlorite, Calcium and Sodium:  AWWA B300.

2.6.6   Meters

2.6.6.1   Turbine Type

Turbine type meter shall conform to AWWA C701 Class I.  The main casing 
shall be bronze with stainless steel external fasteners.  Registers shall 
be straight-reading type, shall be permanently sealed and shall read in 
cubic meters (cubic feet).  Connections shall be suitable to the type of 
pipe and conditions encountered.  Register type shall be a direct reading 
remote register designed in accordance with AWWA C706 or an encoder type 
remote register designed in accordance with AWWA C707.  Meters shall comply 
with the accuracy and capacity requirements of AWWA C701.

2.6.7   Meter Box

Meter box shall be of cast iron or concrete.  The box shall be of 
sufficient size to completely enclose the meter and shutoff valve or 
service stop.  Meter box set in paved areas subject to vehicular traffic 
shall be cast iron, or concrete with cast iron lid and cast iron meter 
reader lid.  Box height shall extend from invert of the meter to final 
grade at the meter location.  The lid shall have the word "WATER" cast in 
it.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Cutting of Pipe

Cutting of pipe shall be done in a neat and workmanlike manner without 
damage to the pipe.  Unless otherwise recommended by the manufacturer and 
authorized by the Contracting Officer, cutting shall be done with an 
approved type mechanical cutter.  Wheel cutter shall be used when 
practicable.  Copper tubing shall be cut square and all burrs shall be 
removed.

3.1.2   Placing and Laying

Pipe and accessories shall be carefully lowered into the trench by means of 
derrick, ropes, belt slings, or other authorized equipment.  Water-line 
materials shall not be dropped or dumped into the trench.  Abrasion of the 
pipe coating shall be avoided.  Except where necessary in making 
connections with other lines or as authorized by the Contracting Officer, 
pipe shall be laid with the bells facing in the direction of laying.  The 
full length of each section of pipe shall rest solidly upon the pipe bed, 
with recesses excavated to accommodate bells, couplings, and joints.  Pipe 
that has the grade or joint disturbed after laying shall be taken up and 
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relaid.  Pipe shall not be laid in water or when trench conditions are 
unsuitable for the work.  Water shall be kept out of the trench until 
joints are complete.  When work is not in progress, open ends of pipe, 
fittings, and valves shall be securely closed so that no trench water, 
earth, or other substance will enter the pipes or fittings.  Where any part 
of the coating or lining is damaged, the repair shall be made by and at the 
Contractor's expense in a satisfactory manner.  Pipe ends left for future 
connections shall be valved, plugged, or capped, and anchored, as shown.

3.1.3   Jointing

3.1.3.1   Copper Tubing Requirements

Joints shall be made with flared fittings.  The flared end tube shall be 
pulled tightly against the tapered part of the fitting by a nut which is 
part of the fitting, so there is metal-to-metal contact.

3.1.4   Installation of Service Line

Service line shall include the pipeline connecting building piping to water 
distribution line to the connections with the building service at a point 
approximately 1.5 m (5 feet) outside the building where such building 
service exists.  Where building services are not installed, the Contractor 
shall terminate the service line approximately 1.5 m (5 feet) from the site 
of the proposed building at a point designated by the Contracting Officer.  
Such service line shall be closed with plugs or caps.  All service stops 
and valve shall be provided with service box.  Service line shall be 
constructed in accordance with the following requirements:

3.1.4.1   Service Line 50 mm (2 Inches) and Smaller

Service line 50 mm (2 inches) and smaller shall be connected to the main by 
a directly-tapped corporation stop or by a service clamp.  A corporation 
stop and a copper gooseneck shall be provided with either type of 
connection.  Maximum sizes for directly-tapped corporation stops and for 
outlets with service clamps shall be as in TABLE I.  Where 2 or more 
gooseneck connections to the main are required for an individual service, 
such connections shall be made with standard branch connections.  The total 
clear area of the branches shall be at least equal to the clear area of the 
service which they are to supply.

TABLE I.  SIZE OF CORPORATION STOPS AND OUTLET

   Pipe Size             Corporation Stops,         Outlets w/Service
                                 mm                    Clamps,
                        For Ductile-Iron Pipe     Single & Double Strap
   ___________         _______________________    ______________________

   80 mm (3 inches)               --                   25 mm (1 inch)

NOTE:

a.  Service lines 40 mm (1-1/2 inches)  and smaller shall have a 
service stop.

3.1.5   Setting of Meter, Valves, Hydrants and Valve Box

3.1.5.1   Location of Meter
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Meter and meter boxes shall be installed at the location shown on the 
drawings.  The meter shall be centered in the box to allow for reading and 
ease of removal or maintenance.

3.1.5.2   Location of Valves

After delivery, valves, shall be drained and shall have the interiors 
cleaned of all foreign matter before installation.  Stuffing boxes shall be 
tightened and valves shall be fully opened and fully closed to ensure that 
all parts are in working condition.  Valves and valve boxes shall be 
installed where shown or specified, and shall be set plumb.  Valve boxes 
shall be centered on the valves.  Boxes shall be installed over each 
outside gate valve unless otherwise shown.  Where feasible, valves shall be 
located outside the area of roads and streets.  Earth fill shall be tamped 
around each valve box to a distance of 1.2 m (4 feet) on all sides of the 
box, or the undisturbed trench face if less than 1.2 m (4 feet).

3.1.5.3   Installation of Hydrants

Install hydrants in accordance with the requirements of AWWA C600 for 
hydrant installation and as indicated.  Make and assemble joints for making 
and assembling the same type joints between pipe and fittings.

3.1.6   Thrust Restraint

Plugs, caps, tees and bends deflecting 11.25 degrees or more, either 
vertically or horizontally, on waterlines 100 mm (4 inches) in diameter or 
larger, shall be provided with thrust restraints.  Valves shall be securely 
anchored or shall be provided with thrust restraints to prevent movement.  
Thrust restraints shall be either thrust blocks or, for ductile-iron pipes, 
restrained joints.

3.1.6.1   Thrust Blocks

Thrust blocking shall be concrete of a mix not leaner than:  1 cement, 
2-1/2 sand, 5 gravel; and having a compressive strength of not less than 14 
MPa (2,000 psi) after 28 days.  Blocking shall be placed between solid 
ground and the hydrant or fitting to be anchored.  Unless otherwise 
indicated or directed, the base and thrust bearing sides of thrust blocks 
shall be poured directly against undisturbed earth.  The sides of thrust 
blocks not subject to thrust may be poured against forms.  The area of 
bearing shall be as shown or as directed.  Blocking shall be placed so that 
the fitting joints will be accessible for repair.  Steel rods and clamps, 
protected by galvanizing or by coating with bituminous paint, shall be used 
to anchor vertical down bends into gravity thrust blocks.

3.1.6.2   Restrained Joints

For ductile-iron pipe, restrained joints shall be designed by the 
Contractor or the pipe manufacturer in accordance with DIPRA-Restraint 
Design.

3.2   HYDROSTATIC TESTS

Where any section of a water line is provided with concrete thrust blocking 
for fittings or hydrants, the hydrostatic tests shall not be made until at 
least 5 days after installation of the concrete thrust blocking, unless 
otherwise approved.
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3.2.1   Pressure Test

After the pipe is laid, the joints completed, and the trench partially 
backfilled leaving the joints exposed for examination, the newly laid 
piping or any valved section of piping shall, unless otherwise specified, 
be subjected for 1 hour to a hydrostatic pressure test of 1 MPa (150 psi).  
Water supply line designated on the drawings shall be subjected for 1 hour 
to a hydrostatic pressure test of 1 MPa (150 psi).  Joints showing visible 
leakage shall be replaced or remade as necessary.  Cracked or defective 
pipe, joints and fittings discovered in consequence of this pressure test 
shall be removed and replaced with sound material, and the test shall be 
repeated until the test results are satisfactory.  The requirement for the 
joints to remain exposed for the hydrostatic tests may be waived by the 
Contracting Officer when one or more of the following conditions is 
encountered:

a.  Wet or unstable soil conditions in the trench.

b.  Compliance would require maintaining barricades and walkways 
around and across an open trench in a heavily used area that would 
require continuous surveillance to assure safe conditions.

c.  Maintaining the trench in an open condition would delay completion 
of the project.

The Contractor may request a waiver, setting forth in writing the reasons 
for the request and stating the alternative procedure proposed to comply 
with the required hydrostatic tests.  Backfill placed prior to the tests 
shall be placed in accordance with the requirements of Section 02316
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS.

3.2.2   Fire Protection Lines

Test fire protection lines in accordance with NFPA 24.  Hydrostatic 
pressure test at (250 psi) 1.72 MPa fire protection lines serving the 
sprinkler systems.  Hydrostatic pressure test at (200 psi) 1.38 MPa fresh 
water system lines serving fire hydrants.

3.3   BACTERIAL DISINFECTION

3.3.1   Bacteriological Disinfection

Before acceptance of potable water operation, each unit of completed 
waterline shall be disinfected as prescribed by AWWA C651.  After pressure 
tests have been made, the unit to be disinfected shall be thoroughly 
flushed with water until all entrained dirt and mud have been removed 
before introducing the chlorinating material.  The chlorinating material 
shall be either liquid chlorine, calcium hypochlorite, or sodium 
hypochlorite, conforming to paragraph MISCELLANEOUS ITEMS.  The 
chlorinating material shall provide a dosage of not less than 50 ppm and 
shall be introduced into the water lines in an approved manner.  The agent 
shall not be introduced into the line in a dry solid state.  The treated 
water shall be retained in the pipe long enough to destroy all non-spore 
forming bacteria.  Except where a shorter period is approved, the retention 
time shall be at least 24 hours and shall produce not less than 25 ppm of 
free chlorine residual throughout the line at the end of the retention 
period.  The line shall then be flushed with clean water until the residual 
chlorine is reduced to less than 1.0 ppm.  The disinfection shall be 
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repeated until tests indicate the absence of pollution for at least 2 full 
days.  The unit will not be accepted until satisfactory bacteriological 
results have been obtained.

3.4   CLEANUP

Upon completion of the installation of water line, all debris and surplus 
materials resulting from the work shall be removed.

    -- End of Section --
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SECTION 02531

SANITARY SEWERS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 74 (1998) Cast Iron Soil Pipe and Fittings

ASTM C 425 (1998b) Compression Joints for Vitrified 
Clay Pipe and Fittings

ASTM C 478 (1997) Precast Reinforced Concrete Manhole 
Sections

ASTM C 478M (1997) Precast Reinforced Concrete Manhole 
Sections (Metric)

ASTM C 564 (1997) Rubber Gaskets for Cast Iron Soil 
Pipe and Fittings

ASTM C 700 (1999) Vitrified Clay Pipe, Extra 
Strength, Standard Strength, and Perforated

ASTM C 828 (1998) Low-Pressure Air Test of Vitrified 
Clay Pipe Lines

ASTM C 924 (1998) Concrete Pipe Sewer Lines by 
Low-Pressure Air Test Method

ASTM D 412 (1998a) Vulcanized Rubber and 
Thermoplastic Rubbers and Thermoplastic 
Elastomers - Tension

ASTM D 624 (1991; R 1998) Tear Strength of 
Conventional Vulcanized Rubber and 
Thermoplastic Elastomers

ASTM D 1784 (1999a) Rigid Poly(Vinyl Chloride) (PVC) 
Compounds and Chlorinated Poly(Vinyl 
Chloride) (CPVC) Compounds

ASTM D 2680 (1995a)Acrylonitrile-Butadiene-Styrene 
(ABS) and Poly(Vinyl Chloride) (PVC) 
Composite Sewer Piping

ASTM D 2751 (1996a) Acrylonitrile-Butadiene-Styrene 
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(ABS) Sewer Pipe and Fittings

ASTM D 3034 (1998) Type PSM Poly(Vinyl Chloride) (PVC) 
Sewer Pipe and Fittings

ASTM D 3212 (1996a) Joints for Drain and Sewer Plastic 
Pipes Using Flexible Elastomeric Seals

ASTM F 402 (1993) Safe Handling of Solvent Cements, 
Primers, and Cleaners Used for Joining 
Thermoplastic Pipe and Fittings

ASTM F 794 (1999) Poly(Vinyl Chloride) (PVC) Profile 
Gravity Sewer Pipe and Fittings Based on 
Controlled Inside Diameter

ASTM F 949 (1999) Poly(Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth 
Interior and Fittings

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C104 (1995) Cement-Mortar Lining for 
Ductile-Iron Pipe and Fittings for Water  

AWWA C105 (1993) Polyethylene Encasement for 
Ductile-Iron Pipe Systems

AWWA C110 (1993) Ductile-Iron and Gray-Iron 
Fittings, 3 In. Through 48 In. (75 mm 
through 1200 mm), for Water and Other 
Liquids

AWWA C111 (1995) Rubber-Gasket Joints for 
Ductile-Iron Pressure Pipe and Fittings

AWWA C115 (1996) Flanged Ductile-Iron Pipe With 
Ductile-Iron or Gray-Iron Threaded Flanges

AWWA C151 (1996) Ductile-Iron Pipe, Centrifugally 
Cast, for Water or Other Liquids

AWWA C153 (2000) Ductile-Iron Compact Fittings for 
Water Service

AWWA C600 (1999) Installation of Ductile-Iron Water 
Mains and Their Appurtenances

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 49 (1994) Hazardous Chemicals Data

NFPA 325-1 (1994) Fire Hazard Properties of Flammable 
Liquids, Gases, and Volatile Solids

NFPA 704 (1996) Identification of the Fire Hazards 
of Materials for Emergency Response

UNI-BELL PVC PIPE ASSOCIATION (UBPPA)
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UBPPA UNI-B-6 (1990) Recommended Practice for the 
Low-Pressure Air Testing of Installed 
Sewer Pipe

UBPPA UNI-B-9 (1990; Addenda 1994) Recommended 
Performance Specification for Polyvinyl 
Chloride (PVC) Profile Wall Gravity Sewer 
Pipe and Fittings Based on Controlled 
Inside Diameter (Nominal Pipe Sizes 4-48 
inch)

1.2   GENERAL REQUIREMENTS

The construction required herein shall include appurtenant structures and 
building sewers to points of connection with the building drains 1.5 m (5 
feet) outside the building to which the sewer system is to be connected.  
The Contractor shall replace damaged material and redo unacceptable work at 
no additional cost to the Government.  Excavation and backfilling is 
specified in Section 02316 EXCAVATION, TRENCHING, AND BACKFILLING FOR 
UTILITIES SYSTEMS.  Backfilling shall be accomplished after inspection by 
the Contracting Officer.  Before, during, and after installation, plastic 
pipe and fittings shall be protected from any environment that would result 
in damage or deterioration to the material.  The Contractor shall have a 
copy of the manufacturer's instructions available at the construction site 
at all times and shall follow these instructions unless directed otherwise 
by the Contracting Officer.  Solvents, solvent compounds, lubricants, 
elastomeric gaskets, and any similar materials required to install the 
plastic pipe shall be stored in accordance with the manufacturer's 
recommendation and shall be discarded if the storage period exceeds the 
recommended shelf life.  Solvents in use shall be discarded when the 
recommended pot life is exceeded.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-07 Certificates

Joints

  Certificates of compliance stating that the fittings or gaskets 
used for waste drains or lines designated on the plans are oil 
resistant.

PART 2   PRODUCTS

2.1   PIPE

Pipe shall conform to the respective specifications and other requirements 
specified below.

2.1.1   Plastic Pipe

Acrylonitrile-butadiene-styrene (ABS) and polyvinyl chloride (PVC) 
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composite sewer piping shall conform to ASTM D 2680.  Size 200 mm (8 inch)  
through 380 mm (15 inch) diameter.

2.1.1.1   ABS Pipe

ASTM D 2751.

2.1.1.2   PVC Pipe

ASTM D 3034, Type PSM with a maximum SDR of 35, Size 380 mm (15 inch)  or 
less in diameter.  PVC shall be certified by the compounder as meeting the 
requirements of ASTM D 1784, cell Class 12454B.  The pipe stiffness shall 
be greater than or equal to 735/D for cohesionless material pipe trench 
backfills.

2.1.2   Ductile Iron Pipe and Fittings

Ductile-iron pipe shall conform to AWWA C151 and shall be Thickness Class 
51.  Fittings shall conform to AWWA C110 or AWWA C153; fittings with 
push-on joint ends shall conform to the same requirements as fittings with 
mechanical-joint ends, except that the bell design shall be modified, as 
approved, for push-on joint.  Fittings shall have pressure rating at least 
equivalent to that of the pipe.  Ends of pipe and fittings shall be 
suitable for the joints specified in the following paragraph.  Pipe and 
fittings shall have cement-mortar lining conforming to AWWA C104, standard 
thickness.

2.1.3   Cast Iron Soil Pipe

Cast iron soil pipe shall conform to ASTM A 74, Class SV.  When installed 
underground, pipe shall be encased with polyethylene in accordance with 
AWWA C105.

2.1.4   Clay Pipe

ASTM C 700 Extra strength.

2.2   REQUIREMENTS FOR FITTINGS

Fittings shall be compatible with the pipe supplied and shall have a 
strength not less than that of the pipe.  Fittings shall conform to the 
respective specifications and other requirements specified below.

2.2.1   Fittings for Plastic Pipe

ABS and PVC composite sewer pipe fittings shall conform to ASTM D 2680.

2.2.1.1   Fittings for ABS Pipe

ASTM D 2751.

2.2.1.2   Fittings for PVC Pipe

ASTM D 3034 for type PSM pipe.  ASTM F 949 for corrugated sewer pipe with a 
smooth interior.  UBPPA UNI-B-9 and ASTM F 794, Series 46, for ribbed sewer 
pipe with smooth interior.

2.2.2   Fittings for Ductile Iron Pipe
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Mechanical fittings shall conform to AWWA C110, rated for 1.03 MPa (150 
psi).   Push-on fittings shall conform to AWWA C110 and AWWA C111, rated 
for 10.3 MPa (150 psi). 

2.2.3   Fittings for Cast Iron Soil Pipe

ASTM A 74.

2.2.4   Fittings for Clay Pipe

ASTM C 700 Extra strength.

2.3   JOINTS

Joints installation shall comply with the manufacturer's instructions.  

2.3.1   Plastic Pipe Jointing

Flexible plastic pipe (PVC or high density polyethylene pipe) gasketed 
joints shall conform to ASTM D 3212.

2.3.1.1   ABS Pipe Jointing

ASTM D 2751, solvent weld or bell and spigot O-ring joint, size 300 mm (12 
inches)  or less in diameter, dimensions and tolerances in accordance with 
Table 2 of ASTM D 2751.

2.3.2   Ductile Iron Pipe Jointing

Push-on joints shall conform to AWWA C111.  Mechanical joints shall conform 
to AWWA C111 as modified by AWWA C151.  Flanged joints shall conform to 
AWWA C115.

2.3.3   Cast Iron Soil Pipe Jointing

Rubber gaskets for compression joints shall conform to ASTM C 564.  Packing 
material for caulked joints shall be twisted jute or oakum, tarred type, or 
asphalt-saturated cellulose-fiber.  The packing shall not contain material 
which would affect adhesion of the joint sealing material to the pipe.  
Lead shall be suitable for caulking of joints.

2.3.4   Clay Pipe Jointing

Compression joints shall conform to ASTM C 425.

2.4   FRAMES AND COVERS

Frames and covers shall be cast iron, ductile iron or reinforced concrete.  
Cast iron frames and covers shall be as indicated or shall be of type 
suitable for the application, circular, without vent holes.  The frames and 
covers shall have a combined weight of not less than 181.4 kg (400 pounds). 
Reinforced concrete frames and covers shall be as indicated or shall 
conform to ASTM C 478 or ASTM C 478M.  The word "Sewer" shall be stamped or 
cast into covers so that it is plainly visible.

2.5   STRUCTURES

2.5.1   Precast Reinforced Concrete Manhole Sections
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Precast reinforced concrete manhole sections shall conform to ASTM C 478.  
Joints shall be cement mortar, an approved mastic, rubber gaskets, a 
combination of these types; or the use of external preformed rubber joint 
seals and extruded rolls of rubber with mastic adhesive on one side.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Adjacent Facilities

3.1.1.1   Water Lines

Where the location of the sewer is not clearly defined by dimensions on the 
drawings, the sewer shall not be closer horizontally than 3 m (10 feet) to 
a water service line.

3.1.2   Pipe Laying

a.  Pipe shall be protected during handling against impact shocks and 
free fall; the pipe interior shall be free of extraneous material.

b.  Pipe laying shall proceed upgrade with the spigot ends of 
bell-and-spigot pipe pointing in the direction of the flow.  Each 
pipe shall be laid accurately to the line and grade shown on the 
drawings.  Pipe shall be laid and centered so that the sewer has a 
uniform invert.  As the work progresses, the interior of the sewer 
shall be cleared of all superfluous materials.

c.  Before making pipe joints, all surfaces of the portions of the 
pipe to be joined shall be clean and dry.  Lubricants, primers, 
and adhesives shall be used as recommended by the pipe 
manufacturer.  The joints shall then be placed, fitted, joined, 
and adjusted to obtain the degree of water tightness required.

d.  ABS composite pipe ends with exposed truss and filler material 
shall be coated with solvent weld material before making the joint 
to prevent water or air passage at the joint between the inner and 
outer wall of the pipe.

e.  Installations of solvent weld joint pipe, using ABS or PVC pipe 
and fittings shall be in accordance with ASTM F 402.  The 
Contractor shall ensure adequate trench ventilation and protection 
for workers installing the pipe.

3.1.2.1   Caulked Joints

The packing material shall be well packed into the annular space to prevent 
the entrance of lead into the pipe.  The remainder of the space shall be 
filled with molten lead that is hot enough to show a rapid change in color 
when stirred.  Scum shall be removed before pouring.  The lead shall be 
caulked to form a tight joint without overstraining the bell and shall have 
a minimum depth of 25 mm (1 inch) after caulking.

3.1.2.2   Trenches

Trenches shall be kept free of water and as dry as possible during bedding, 
laying, and jointing and for as long a period as required.  When work is 
not in progress, open ends of pipe and fittings shall be satisfactorily 
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closed so that no trench water or other material will enter the pipe or 
fittings.

3.1.2.3   Backfill

As soon as possible after the joint is made, sufficient backfill material 
shall be placed along the pipe to prevent pipe movement off line or grade.  
Plastic pipe shall be completely covered to prevent damage from ultraviolet 
light.

3.1.2.4   Width of Trench

If the maximum width of the trench at the top of the pipe, as specified in 
Section 02316 EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS, 
is exceeded for any reason other than by direction, the Contractor shall 
install, at no additional cost to the Government, concrete cradling, pipe 
encasement, or other bedding required to support the added load of the 
backfill.

3.1.2.5   Jointing

Joints between different pipe materials shall be made as specified, using 
approved jointing materials.

3.1.2.6   Handling and Storage

Pipe, fittings and joint material shall be handled and stored in accordance 
with the manufacturer's recommendations.  Storage facilities for plastic 
pipe, fittings, joint materials and solvents shall be classified and marked 
in accordance with NFPA 704, with classification as indicated in NFPA 49 
and NFPA 325-1.

3.1.3   Leakage Tests

Lines shall be tested for leakage by low pressure air testing, infiltration 
tests or exfiltration tests, as appropriate.  Low pressure air testing for 
vitrified clay pipes shall be as prescribed in ASTM C 828.  Low pressure 
air testing for concrete pipes shall be as prescribed in ASTM C 828.  Low 
pressure air testing for PVC pipe shall be as prescribed in UBPPA UNI-B-6.  
Low pressure air testing procedures for other pipe materials shall use the 
pressures and testing times prescribed in ASTM C 828 and ASTM C 924, after 
consultation with the pipe manufacturer.  Prior to infiltration or 
exfiltration tests, the trench shall be backfilled up to at least the lower 
half of the pipe.  If required, sufficient additional backfill shall be 
placed to prevent pipe movement during testing, leaving the joints 
uncovered to permit inspection.  Visible leaks encountered shall be 
corrected regardless of leakage test results.  When the Contracting Officer 
determines that infiltration cannot be properly tested, an exfiltration 
test shall be made by filling the line to be tested with water so that a 
head of at least 600 mm (2 feet) is provided above both the water table and 
the top of the pipe at the upper end of the pipeline to be tested.  The 
filled line shall be allowed to stand until the pipe has reached its 
maximum absorption, but not less than 4 hours.  After absorption, the head 
shall be re-established.  The amount of water required to maintain this 
water level during a 2-hour test period shall be measured. Leakage as 
measured by either the infiltration test or exfiltration test shall not 
exceed 94 L per 1 mm diameter per km of pipeline per day (25 gal per inch 
diameter per mile of pipeline per day).  When leakage exceeds the maximum 
amount specified, satisfactory correction shall be made and retesting 
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accomplished.  Testing, correction, and retesting shall be made at no 
additional cost to the Government.

3.1.4   Testing of Pressure Lines

Test pressure lines in accordance with the applicable standard specified in 
this paragraph, except for test pressures.  For hydrostatic pressure test, 
use a hydrostatic pressure (50 psi) 345 kPa in excess of the maximum 
working pressure of the system, but not less than (100 psi) 690 kPa, 
holding this pressure for a period of not less than one hour.  For leakage 
test, use a hydrostatic pressure not less than the maximum working pressure 
of the system.  Leakage test may be performed at the same time and at the 
same test pressure as the pressure test.  Test ductile-iron pressure lines 
in accordance with the requirements of AWWA C600 for hydrostatic testing.  
Leakage on pipelines with mechanical-joints or push-on joints shall not 
exceed the amounts given in AWWA C600; no leakage will be allowed at joints 
made by any other method.

3.2   MANHOLE DETAILS

3.2.1   General Requirements

Manholes shall be constructed of concrete, or precast concrete manhole 
sections.  The invert channels shall be smooth and semicircular in shape 
conforming to the inside of the adjacent sewer section.  Changes in 
direction of flow shall be made with a smooth curve of as large a radius as 
the size of the manhole will permit.  Changes in size and grade of the 
channels shall be made gradually and evenly.  The invert channels shall be 
formed directly in the concrete of the manhole base, or shall be built up 
with brick and mortar, or shall be half tile laid in concrete, or shall be 
constructed by laying full section sewer pipe through the manhole and 
breaking out the top half after the surrounding concrete has hardened.  
Pipe connections shall be made to manhole using water stops, standard 
O-ring joints, special manhole coupling, or shall be made in accordance 
with the manufacturer's recommendation.  The Contractor's proposed method 
of connection, list of materials selected, and specials required, shall be 
approved prior to installation.  The floor of the manhole outside the 
channels shall be smooth and shall slope toward the channels.

3.2.2   Jointing, Plastering and Sealing

Mortar joints shall be completely filled and shall be smooth and free from 
surplus mortar on the inside of the manhole.  Mortar and mastic joints 
between precast rings shall be full-bedded in jointing compound and shall 
be smoothed to a uniform surface on both the interior and exterior of the 
manhole.  Installation of rubber gasket joints between precast rings shall 
be in accordance with the recommendations of the manufacturer.  Precast 
rings may also be sealed by the use of extruded rolls of rubber with mastic 
adhesive on one side.

3.2.3   Setting of Frames and Covers

Unless otherwise indicated, tops of frames and covers shall be set flush 
with finished grade in paved areas or 50 mm (2 inches) higher than finished 
grade in unpaved areas.  Frame and cover assemblies shall be sealed to 
manhole sections using external preformed rubber joint seals that meet the 
requirements of ASTM D 412 or ASTM D 624.

3.3   CONNECTING TO EXISTING MANHOLES
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Pipe connections to existing manholes shall be made so that finish work 
will conform as nearly as practicable to the applicable requirements 
specified for new manholes, including all necessary concrete work, cutting, 
and shaping.  The connection shall be centered on the manhole.  Holes for 
the new pipe shall be of sufficient diameter to allow packing cement mortar 
around the entire periphery of the pipe but no larger than 1.5 times the 
diameter of the pipe.  Cutting the manhole shall be done in a manner that 
will cause the least damage to the walls.

3.4   BUILDING CONNECTION

Building connection shall include the line to and connection with the 
building waste drainage piping at a point approximately 1.5 m (5 feet) 
outside the building, unless otherwise indicated.  Where building drain 
piping is not installed, the Contractor shall terminate the building 
connection approximately 1.5 m (5 feet) from the site of the building at a 
point and in a manner designated.

3.5   CLEANOUTS

Cleanouts shall be installed where shown on the drawings or as directed by 
the Contracting Officer, and shall conform to the detail of the drawings.

    -- End of Section --
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SECTION 02630

STORM-DRAINAGE SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 48M (1994 el) Gray Iron Castings (Metric)

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 536 (1999el) Ductile Iron Castings

ASTM A 929/A 929M (1997) Steel Sheet, Metallic-Coated by the 
Hot-Dip Process for Corrugated Steel Pipe

ASTM C 76M (1999a) Reinforced Concrete Culvert, Storm 
Drain, and Sewer Pipe (Metric)

ASTM C 231 (1997el) Air Content of Freshly Mixed 
Concrete by the Pressure Method

ASTM C 270 (1997ael) Mortar for Unit Masonry

ASTM C 478M (1997) Precast Reinforced Concrete Manhole 
Sections (Metric)

ASTM C 655 (1995a) Reinforced Concrete D-Load 
Culvert, Storm Drain, and Sewer Pipe

ASTM C 789 (1998) Precast Reinforced Concrete Box 
Sections for Culverts, Storm Drains, and 
Sewers

ASTM D 1751 (1999) Preformed Expansion Joint Filler 
for Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (1984; R 1996el) Preformed Sponge Rubber 
and Cork Expansion Joint Fillers for 
Concrete Paving and Structural Construction

 

1.2   SUBMITTALS
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Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Placing Pipe

Printed copies of the manufacturer's recommendations for 
installation procedures of the material being placed, prior to 
installation.

SD-04 Samples

Pipe for Storm Drains

Samples of specified materials, before work is started.

SD-07 Certificates

Frame and Cover

Certification on the ability of frame and cover to carry the 
imposed live load.

1.3   DELIVERY, STORAGE, AND HANDLING

1.3.1   Delivery and Storage

Materials delivered to site shall be inspected for damage, unloaded, and 
stored with a minimum of handling.  Materials shall not be stored directly 
on the ground.  The Contractor shall have a copy of the manufacturer's 
instructions available at the construction site at all times and shall 
follow these instructions unless directed otherwise by the Contracting 
Officer.

PART 2   PRODUCTS

2.1   PIPE FOR STORM DRAINS

Pipe for storm drains shall be of the sizes indicated and shall conform to 
the requirements specified.

2.1.1   Concrete Pipe

ASTM C 76M, Class II, or ASTM C 655, 50 D-Load.

2.2   DRAINAGE STRUCTURES

2.2.1   Flared End Sections

Sections shall be of a standard design fabricated from zinc coated steel 
sheets meeting requirements of ASTM A 929/A 929M.

2.2.2   Precast Reinforced Concrete Box

For highway loadings with 600 mm (2 feet) of cover or more or subjected to 
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dead load only, ASTM C 789.

2.3   MISCELLANEOUS MATERIALS

2.3.1   Concrete

Unless otherwise specified, concrete and reinforced concrete shall conform 
to the requirements for 21 MPa (3000 psi) concrete under Section 03307 
CONCRETE FOR MINOR STRUCTURES.  The concrete mixture shall have air content 
by volume of concrete, based on measurements made immediately after 
discharge from the mixer, of 5 to 7 percent when maximum size of coarse 
aggregate exceeds 37.5 mm (1-1/2 inches).  Air content shall be determined 
in accordance with ASTM C 231.  The concrete covering over steel 
reinforcing shall not be less than 25 mm (1 inch) thick for covers and not 
less than 40 mm (1-1/2 inches) thick for walls and flooring.  Concrete 
covering deposited directly against the ground shall have a thickness of at 
least 75 mm (3 inches) between steel and ground.  Expansion-joint filler 
material shall conform to ASTM D 1751, or ASTM D 1752, or shall be 
resin-impregnated fiberboard conforming to the physical requirements of 
ASTM D 1752.

2.3.2   Mortar

Mortar shall conform to ASTM C 270, Type M, except that the maximum 
placement time shall be 1 hour.  The quantity of water in the mixture shall 
be sufficient to produce a stiff workable mortar but in no case shall 
exceed 20 liters (5 gallons) of water per sack of cement.  Water shall be 
clean and free of harmful acids, alkalies, and organic impurities.  The 
mortar shall be used within 30 minutes after the ingredients are mixed with 
water.  The inside of the joint shall be wiped clean and finished smooth.  
The mortar head on the outside shall be protected from air and sun with a 
proper covering until satisfactorily cured.

2.3.3   Precast Reinforced Concrete Manholes

Precast reinforced concrete manholes shall conform to ASTM C 478M .  Joints 
between precast concrete risers and tops shall be full-bedded in cement 
mortar and shall be smoothed to a uniform surface on both interior and 
exterior of the structure.

2.3.4   Frame and Cover

Frame and cover shall be cast gray iron, ASTM A 48M , Class 35B; or cast 
ductile iron, ASTM A 536, Grade 65-45-12.  Weight, shape, size, and 
waterway openings for curb inlets shall be as indicated on the plans.

2.4   STEEL LADDER

Steel ladder shall be provided where the depth of the manhole exceeds 3.66 m
 (12 feet).  These ladders shall be not less than 406 mm (16 inches) in 
width, with 19 mm (3/4 inch) diameter rungs spaced 305 mm (12 inches) 
apart.  The two stringers shall be a minimum 10 mm (3/8 inch) thick and 63 
mm (2-1/2 inches) wide.  Ladders and inserts shall be galvanized after 
fabrication in conformance with ASTM A 123/A 123M. 

PART 3   EXECUTION

3.1   EXCAVATION FOR STORM DRAINS AND DRAINAGE STRUCTURES
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Excavation and backfilling for appurtenances and storm drains, shall be in 
accordance with the applicable portions of Section 02316 "Excavation, 
Trenching, and Backfilling for Utilities Systems".

3.2   BEDDING

The bedding surface for the pipe shall provide a firm foundation of uniform 
density throughout the entire length of the pipe.

3.2.1   Concrete Pipe Requirements

When no bedding class is specified or detailed on the drawings, concrete 
pipe shall be bedded in a soil foundation accurately shaped and rounded to 
conform to the lowest one-fourth of the outside portion of circular pipe or 
to the lower curved portion of pipe arch for the entire length of the pipe 
or pipe arch.  When necessary, the bedding shall be tamped.  Bell holes and 
depressions for joints shall be not more than the length, depth, and width 
required for properly making the particular type of joint.

3.3   PLACING PIPE

Each pipe shall be thoroughly examined before being laid; defective or 
damaged pipe shall not be used.  Pipelines shall be laid to the grades and 
alignment indicated.  Proper facilities shall be provided for lowering 
sections of pipe into trenches.  Lifting lugs in vertically elongated metal 
pipe shall be placed in the same vertical plane as the major axis of the 
pipe.  Pipe shall not be laid in water, and pipe shall not be laid when 
trench conditions or weather are unsuitable for such work.  Diversion of 
drainage or dewatering of trenches during construction shall be provided as 
necessary.

3.4   JOINTING

3.4.1   Concrete Pipe

3.4.1.1   Cement-Mortar Bell-and-Spigot Joint

The first pipe shall be bedded to the established gradeline, with the bell 
end placed upstream.  The interior surface of the bell shall be thoroughly 
cleaned with a wet brush and the lower portion of the bell filled with 
mortar as required to bring inner surfaces of abutting pipes flush and 
even.  The spigot end of each subsequent pipe shall be cleaned with a wet 
brush and uniformly matched into a bell so that sections are closely 
fitted.  After each section is laid, the remainder of the joint shall be 
filled with mortar, and a bead shall be formed around the outside of the 
joint with sufficient additional mortar.  If mortar is not sufficiently 
stiff to prevent appreciable slump before setting, the outside of the joint 
shall be wrapped or bandaged with cheesecloth to hold mortar in place.

3.4.1.2   Cement-Mortar Oakum Joint for Bell-and-Spigot Pipe

A closely twisted gasket shall be made of jute or oakum of the diameter 
required to support the spigot end of the pipe at the proper grade and to 
make the joint concentric.  Joint packing shall be in one piece of 
sufficient length to pass around the pipe and lap at top.  This gasket 
shall be thoroughly saturated with neat cement grout.  The bell of the pipe 
shall be thoroughly cleaned with a wet brush, and the gasket shall be laid 
in the bell for the lower third of the circumference and covered with 
mortar.  The spigot of the pipe shall be thoroughly cleaned with a wet 
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brush, inserted in the bell, and carefully driven home.  A small amount of 
mortar shall be inserted in the annular space for the upper two-thirds of 
the circumference.  The gasket shall be lapped at the top of the pipe and 
driven home in the annular space with a caulking tool.  The remainder of 
the annular space shall be filled completely with mortar and beveled at an 
angle of approximately 45 degrees with the outside of the bell.  If mortar 
is not sufficiently stiff to prevent appreciable slump before setting, the 
outside of the joint thus made shall be wrapped with cheesecloth.  Placing 
of this type of joint shall be kept at least five joints behind laying 
operations.

3.5   DRAINAGE STRUCTURES

3.5.1   Manholes and Inlets

Construction shall be of reinforced concrete or precast reinforced 
concrete, complete with frames and covers.

3.6   STEEL LADDER INSTALLATION

Ladder shall be adequately anchored to the wall by means of steel inserts 
spaced not more than 1.83 m (6 feet) vertically, and shall be installed to 
provide at least 152 mm (6 inches) of space between the wall and the rungs. 
 The wall along the line of the ladder shall be vertical for its entire 
length.

    -- End of Section --
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SECTION 02713

BITUMINOUS BASE COURSE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 245 (1994) Standard Method of Test for 
Resistance of Plastic Flow of Bituminous 
Mixtures Using Marshall Apparatus

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 183 (1997) Sampling and the Amount of Testing 
of Hydraulic Cement

ASTM D 5 (1997) Penetration of Bituminous Materials

ASTM D 75 (1987; R 1997) Sampling Aggregates

ASTM D 140 (1998) Sampling Bituminous Materials

ASTM D 1856 (1995a) Recovery of Asphalt From Solution 
by Abson Method

ASTM D 2172 (1995) Quantitative Extraction of Bitumen 
from Bituminous Paving Mixtures

ASTM D 2216 (1998) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock

ASTM D 3515 (1996) Hot-Mixed, Hot-Laid Bituminous 
Paving Mixtures

ASPHALT INSTITUTE (AI)

AI MS-2 (1997) Mix Design Methods for Asphalt 
Concrete and Other Hot-Mix Types

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications
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Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Job-Mix Formula (JMF)

  Mix design at least 30 days before it is to be used.

SD-06 Test Reports

Bituminous Materials

Sampling and testing

  Copies of field tests results within 24 hours after the tests 
are performed.  Certified copies of tests results for approval not 
less than 30 days before material is required for the work.

SD-07 Certificates

Asphalt Concrete Base

  Submit certificate of compliance, accompanied by substantiating 
test data, for each lot or batch of asphalt cement.  Provide only 
one grade of asphalt cement for this project.

1.3   SAMPLING AND TESTING

Sampling and testing shall be the responsibility of the Contractor. 
Sampling and testing shall be performed by an approved commercial testing 
laboratory or by facilities furnished by the Contractor.  No work requiring 
testing shall be permitted until the facilities have been inspected and 
approved.  The first inspection shall be at the expense of the Government. 
Cost incurred for any subsequent inspection required because of failure of 
the facilities to pass the first inspection will be charged to the 
Contractor.  Tests shall be performed in sufficient numbers and at the 
locations and times directed to ensure that materials, mixtures and 
compaction meet specified requirements.  Samples of finished pavement, 
including samples that span the longitudinal joint, shall be obtained by 
the Contractor.  Sizes of samples shall be suitable to determine 
conformance to density, thickness, and other specified requirements. 
Samples shall be taken at start of paving operations and at intervals 
throughout paving operations as directed.  Samples of plant mixtures will 
be taken and tested by the Contractor to determine conformance to specified 
requirements.  Certified copies of the test results shall be furnished to 
the Contracting Officer.
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1.3.1   Aggregates

Sampling shall be in accordance with ASTM D 75.  Samples of aggregates 
shall be tested at the start of production and at intervals during 
production of the bituminous base course.  Intervals and points of sampling 
will be as approved.  Test results on these samples will be the basis for 
approval of specific lots of aggregates.

1.3.2   Mineral Filler

Sampling of mineral filler shall conform to ASTM C 183.

1.3.3   Bituminous Materials

Sampling of bituminous materials shall conform to ASTM D 140.

1.4   PLANT, EQUIPMENT, MACHINES, TOOLS, AND PERSONNEL

1.4.1   Bituminous Plant

The bituminous plant shall be of such capacity, as specified herein, to 
produce the quantities of bituminous mixtures required for the project 
within the completion time of the contract.  Hauling equipment, paving 
machines, rollers, miscellaneous equipment, and tools shall be provided in 
sufficient numbers and capacity and in proper working condition to place 
the bituminous paving mixtures at a rate equal to the plant output.  A 
sufficient number of adequately trained personnel shall be available during 
paving operations to produce a pavement meeting the requirements in this 
specification.

1.4.2   Mixing Plants

Mixing plants shall be an automatic or semiautomatic controlled, 
commercially manufactured unit designed, coordinated, and operated to 
consistently produce a mixture within the job-mix formula (JMF).  The plant 
shall have a minimum capacity of 500 metric tons (500 tons) per hour.  Drum 
mixers will be prequalified at the production rate to be used during actual 
mix production.  The prequalification tests will include extraction in 
accordance with ASTM D 2172 and recovery of the asphalt cement in 
accordance with ASTM D 1856.  The penetration of the recovered asphalt 
binder shall not be less than 60 percent of the original penetration in 
accordance with ASTM D 5.

1.5   WEATHER LIMITATIONS

Bituminous courses shall not be constructed when the underlying course 
contains free surface water.

PART 2   PRODUCTS

2.1   MATERIALS

Asphalt concrete base shall include a mixture of aggregates and asphalt 
cement.  Filler or blending sand or both may be included.  Size, grade 
uniformly, and combine aggregates to meet grading requirements of 
Subsection 703.03 - Aggregate for Plant Mix Asphalt Concrete Base Course.  
Comply with the HIDT HSSRBPWC, Sections 301 and 700 for the following:
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A.  Asphalt Cement...............................Section 702.01.

B.  Aggregate for Plant Mix Asphalt Concrte......Section 703.03.
Base Course.

C.  Filler.......................................Section 703.15.

D.  Blending Sand................................Section 703.22.

E.  Hydraulic Lime...............................Section 712.03.

2.2   COMPOSITION OF MIXTURE

2.2.1   Job-Mix Formula (JMF)

Design the job mix formula according to procedures contained AI MS-2.  The 
design percent of asphalt cement shall be between 4 percent  and 6 percent, 
based on total dry weight of aggregates.  Design mixture shall conform to 
requirements in Section 301, Table 301.02-1 when tested according to AASHTO 
T 245.

PART 3   EXECUTION

3.1   CONDITIONING OF UNDERLYING COURSE

Prior to placing the bituminous base course, the underlying surface shall 
be cleaned of foreign or objectionable matter.  The condition of the 
underlying course will be inspected and approved.

3.2   MIXING

3.2.1   Preparation of Mineral Aggregates

Each aggregate stockpile shall be placed and maintained in such a manner to 
prevent segregation.  Rates of feed of aggregates shall be regulated so 
that the moisture content and temperature of aggregates will be within 
tolerances specified herein.  Dry storage shall be provided for mineral 
filler.

3.2.2   Preparation of Bituminous Mixtures

Aggregates, mineral filler, and bitumen shall be conveyed into the mixer in 
proportionate quantities required to meet the JMF.  The mixing time shall 
be as required to obtain a uniform coating of the aggregate with the 
bituminous material.  The temperature of bitumen at time of mixing shall 
not exceed 150 degree C (300 degrees F).  The temperature of aggregate and 
mineral filler in the mixer shall not exceed 160 degree C (325 degrees F) 
when bitumen is added. Overheated and carbonized mixtures or mixtures that 
foam will be rejected.

3.2.3   Water Content of Aggregates

Drying operations shall reduce the water content of mixture to less than 
0.75 percent.  The water content test will be conducted in accordance with 
ASTM D 2216.  If the water content is determined on hot bin samples, the 
water content will be a weighted average based on composition of blend.

3.2.4   Storage of Bituminous Paving Mixture
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The mixture shall be stored according to the requirements of ASTM D 3515.

3.3   TRANSPORTATION OF BITUMINOUS MIXTURE

Transportation of bituminous mixture from the paving plant to the site 
shall be in trucks having tight, clean, smooth beds lightly coated with an 
approved releasing agent to prevent adhesion of mixture to truck bodies. 
Excessive releasing agent will be drained prior to loading.  Each load 
shall be covered with canvas or other approved material of ample size to 
protect mixture from weather and prevent loss of heat.  Loads that have 
crusts of cold, unworkable material or have become wet by rain will be 
rejected.  Hauling over freshly placed material will not be permitted.

3.4   PLACING

Bituminous mixtures shall not be placed without ample time to complete 
spreading and rolling during daylight hours, unless satisfactory artificial 
lighting is provided.

3.4.1   Spraying of Contact Surfaces of Structures

Contact surfaces of previously constructed pavement, curbs, manholes, and 
similar structures shall be sprayed with a thin coat of bituminous material 
conforming to the requirements of Section 02748 BITUMINOUS TACK AND PRIME 
COATS.

3.4.2   Offsetting Joints in Bituminous Base Course

The bituminous base course shall be placed so that longitudinal joints will 
be offset from joints in the underlying course by at least 300 mm (1 foot). 
 Transverse joints shall be offset by at least 600 mm (2 feet) from 
transverse joints in the underlying course.

3.4.3   General Requirements for Use of Mechanical Spreader

The range of temperatures of mixtures, when dumped into the mechanical 
spreader, shall be as approved.  Mixtures having temperatures less than 110 
degrees C (225 degrees F) when dumped into the mechanical spreader will be 
rejected.  The mechanical spreader shall be adjusted and speed regulated so 
that the surface of the course being laid will be smooth and continuous 
without tears and pulls, and of such depth that, when compacted, the 
surface will conform to the cross section, grade, and contour indicated.  
Placing with respect to the center line, areas with crowned sections, or 
the high side of areas with one-way slope shall be as directed.  Placing of 
the mixture shall be as nearly continuous as possible, and the speed of 
placing shall be adjusted, as directed, to permit proper rolling.  When 
segregation occurs in the mixture during placing, the spreading operation 
shall be suspended until the cause is determined and corrected.  
Irregularities in alignment of the course left by the mechanical spreader 
shall be corrected by trimming directly behind machine.  Immediately after 
trimming, the edges of the course shall be thoroughly compacted by tamping 
laterally with a lute.  Distortion of the course during tamping will not be 
permitted.

3.4.4   Special Requirements for Placing Strips Succeeding Initial Strips

In placing each succeeding strip after the initial strip has been spread 
and compacted as specified below, the screed of the mechanical spreader 
shall overlap previously placed strip 75 to 100 millimeters (3 to 4 inches) 
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and shall be sufficiently high so that compaction will produce a smooth, 
dense joint.  The mixture placed on the edge of the previously placed strip 
by the mechanical spreader shall be pushed back to the edge of the strip 
being placed by using a lute.  Excess mixture shall be removed and wasted.

3.4.5   Handwork Behind Machine Spreading

A sufficient number of shovelers and rakers shall follow the spreading 
machine, adding or removing hot mixture and raking mixtures as required to 
obtain a course that, when completed, will conform to all requirements 
specified herein.  Excessive handwork will not be permitted.  Broadcasting 
or fanning of the mixture over areas being compacted will not be permitted.

3.4.6   Hand Spreading in Lieu of Machine Spreading

In areas where the use of machine spreading is impractical, the mixture 
shall be spread by hand.  Spreading shall be in a manner to prevent 
segregation.  The mixture shall be spread uniformly with hot rakes in a 
loose layer of thickness that, when compacted, will conform to the required 
grade and thickness.

3.5   GRADE AND SURFACE-SMOOTHNESS REQUIREMENTS

Finished surfaces of bituminous base courses, when tested as specified 
below, shall conform to the gradeline and elevations shown and to 
surface-smoothness requirements specified.

3.5.1   Plan Grade

Finished surfaces shall conform, within tolerances specified, to the lines, 
grades, and cross sections indicated.  Finished surfaces of runways, 
taxiways, and aprons shall vary not more than 12.2 mm (0.04 foot) from the 
plan gradeline or elevation established and approved at the site of work. 
Finished surfaces of nonaircraft traffic areas, such as blast pads and 
stabilized shoulders, shall vary not more than 18.3 mm (0.06 foot) from the 
plan gradeline and elevation established and approved at the site.  
Finished surfaces at the juncture with other pavements shall coincide with 
finished surfaces of abutting pavements.  The 12.2 mm (0.04 foot) and 18.3 
mm (0.06 foot) deviations from the plan gradeline and elevation will not be 
permitted in areas of pavements where closer conformance with plan grade 
and elevation is required for the proper functioning of drainage and other 
appurtenant structures involved.

3.5.2   Surface Smoothness

Finished surfaces shall not deviate from the testing edge of a 3.66 meter 
(12 foot) straightedge more than 5 mm (1/4 inch) in any direction.

3.5.3   Equipment

The Contractor shall furnish and maintain at the site, in good condition, 
one straightedge for each bituminous paver for use in testing the finished 
surface.  Straightedges shall be aluminum and have blades of box or 
box-girder cross section with flat bottom reinforced to insure rigidity and 
accuracy.  Straightedges shall have handles to facilitate movement on 
pavement.

3.6   COMPACTION OF MIXTURE
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Rolling shall begin as soon after placing as the mixture will bear roller 
without undue displacement.  Delays in rolling freshly spread mixture will 
not be permitted.  After the initial rolling, preliminary tests of the 
crown, grade, and smoothness shall be made by the Contractor.  Deficiencies 
shall be corrected so that the finished course will conform to requirements 
for the grade and smoothness specified herein.  After the Contractor 
assures himself of meeting crown, grade, and smoothness requirements, 
rolling shall be continued until a density of at least 96 percent of 
laboratory compacted specimens of the same mixture is obtained.  Places 
inaccessible to rollers shall be thoroughly compacted with hot hand tampers.

3.6.1   Testing of Mixture

At the start of plant operation, a quantity of the mixture sufficient to 
construct a test section at least 15 meters (50 feet) long and two spreader 
widths wide shall be prepared.  The mixture shall be placed, spread, and 
rolled with equipment to be used in the project and in accordance with 
requirements specified above.  This test section shall be tested and 
evaluated and shall conform to all specified requirements.  If tests 
indicate that the pavement does not conform to specification requirements, 
necessary adjustments to plant operations and rolling procedures shall be 
made immediately. Additional test sections shall be constructed and sampled 
for conformance to specification requirements.  In no case shall the 
Contractor start production of the bituminous base course mixture without 
approval.

3.6.2   Correcting Deficient Areas

Mixtures that become contaminated or are defective shall be removed.  Skin 
patching of an area that has been rolled will not be permitted.  Holes 
shall be cut the full thickness of the base course so that the sides are 
perpendicular and parallel to the direction of traffic and the edges are 
vertical.  Bulges shall be sprayed with bituminous materials conforming to 
requirements of Section 02748 BITUMINOUS TACK AND PRIME COATS.  Fresh 
paving mixture shall be placed in holes in sufficient quantity so that the 
finished surface will conform to grade, smoothness, and density 
requirements.

3.7   JOINTS

3.7.1   General

Joints between old and new pavements or between successive day's work, or 
joints that have become cold because of delay, shall be made carefully to 
insure continuous bond between old and new sections of course.  All joints 
shall have the same texture, density, and smoothness as other sections of 
the course.  Contact surfaces of previously constructed pavements that have 
become coated with dust, sand, or other objectionable material shall be 
cleaned by brushing or cut back with approved power saw, as directed.  The 
surface against which new material is placed shall be sprayed with a thin, 
uniform coat of bituminous material conforming to requirements of Section 
02748 BITUMINOUS TACK AND PRIME COATS.  The material shall be applied far 
enough in advance of placement of the fresh mixture to ensure adequate 
curing. Care shall be taken to prevent damage or contamination of sprayed 
surface.

3.7.2   Transverse Joints

The roller shall pass over the unprotected end of freshly placed mixture 
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only when placing of the course is discontinued or when delivery of the 
mixture is interrupted to the extent that the unrolled material may become 
cold.  In all cases, the edge of the previously placed course shall be cut 
back to expose an even, vertical surface for the full thickness of the 
course.  In continuing placement of the strip, the mechanical spreader 
shall be positioned on the transverse joint so that sufficient hot mixture 
will be spread to obtain a joint after rolling that conforms to the 
required density and smoothness specified herein.

3.7.3   Longitudinal Joints

Edges of a previously placed strip that have cooled or are irregular, 
honeycombed, poorly compacted, damaged, or otherwise defective, and 
unsatisfactory sections of the joint shall be cut back to expose a clean, 
sound surface for the full thickness of the course as directed.

3.8   EDGES OF PAVEMENT

Bulges adjacent to shoulders shall be trimmed neatly to the line.

3.9   PROTECTION OF PAVEMENT

After final rolling of the pavement, no vehicular traffic of any kind shall 
be permitted until the pavement has cooled to ambient temperature.

        -- End of Section --
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SECTION 02721

SUBBASE COURSES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (1997) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 117 (1995) Materials Finer Than 75 Micrometer 
(No. 200) Sieve in Mineral Aggregates by 
Washing

ASTM C 131 (1996) Resistance to Degradation of 
Small-Size Coarse Aggregate by Abrasion 
and Impact in the Los Angeles Machine

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 75 (1987; R 1997) Sampling Aggregates

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method

ASTM D 2922 (1996) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 3017 (1996) Water Content of Soil and Rock in 
Place by Nuclear Methods (Shallow Depth)

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM E 11 (1995) Wire-Cloth Sieves for Testing 
Purposes

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction
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1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Equipment

  List of proposed equipment to be used in performance of 
construction work, including descriptive data.

Waybills and Delivery Tickets

  Copies of waybills and delivery tickets during the progress of 
the work. Certified waybills and delivery tickets for all 
aggregates actually used.

SD-06 Test Reports

Sampling and Testing

  Copies of initial and in-place test results.

1.3   UNIT PRICES

1.3.1   Waybills and Delivery Tickets

Copies of waybills and delivery tickets shall be submitted during the 
progress of the work.  Before the final statement is allowed, the 
Contractor shall file certified waybills and certified delivery tickets for 
all aggregates actually used.

1.4   DEGREE OF COMPACTION

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure presented in AASHTO T 180, 
abbreviated as a percent of laboratory maximum density.

1.5   SAMPLING AND TESTING

Sampling and testing shall be the responsibility of the Contractor. 
Sampling and testing shall be performed by an approved testing laboratory 
in accordance with Section 01451 CONTRACTOR QUALITY CONTROL.  Tests shall 
be performed at the specified frequency.  No work requiring testing will be 
permitted until the testing laboratory has been inspected and approved.  
The materials shall be tested to establish compliance with the specified 
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requirements.

1.5.1   Sampling

Samples for laboratory testing shall be taken in conformance with ASTM D 75. 
 When deemed necessary, the sampling will be observed by the Contracting 
Officer.

1.5.2   Tests

1.5.2.1   Sieve Analysis

Before starting work, at least one sample of material to be stabilized 
shall be tested in accordance with ASTM C 117 and ASTM C 136 on sieves 
conforming to ASTM E 11.  After the initial test, a minimum of one analysis 
shall be performed for each 1000 tons of material placed, with a minimum of 
three analyses for each day's run until the course is completed.

1.5.2.2   Liquid Limit and Plasticity Index

Liquid limit and plasticity index shall be determined in accordance with 
ASTM D 4318.

1.5.2.3   Moisture-Density Determinations

The maximum density and optimum moisture shall be determined in accordance 
with AASHTO T 180.

1.5.2.4   Density Tests

Density shall be field measured in accordance with ASTM D 1556 and ASTM D 
2922.  The calibration curves shall be checked and adjusted, if necessary, 
using only the sand cone method as described in paragraph Calibration, of 
the ASTM publication.  Tests performed in accordance with ASTM D 2922 
result in a wet unit weight of soil and, when using this method, ASTM D 3017
 shall be used to determine the moisture content of the soil.  The 
calibration curves furnished with the moisture gauges shall also be checked 
along with density calibration checks as described in ASTM D 3017.  The 
calibration checks of both the density and moisture gauges shall be made by 
the prepared containers of material method, as described in paragraph 
Calibration, in ASTM D 2922, on each different type of material to be 
tested at the beginning of a job and at intervals as directed.

1.5.2.5   Wear Test

Wear tests shall be made on subbase course material in conformance with 
ASTM C 131.

1.5.3   Testing Frequency

1.5.3.1   Initial Tests

One of each of the following tests shall be performed on the proposed 
material prior to commencing construction to demonstrate that the proposed 
material meets all specified requirements prior to installation.

a.  Sieve Analysis including 0.02 mm size material
b.  Liquid limit and plasticity index moisture-density relationship
c.  Wear
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1.5.3.2   In-Place Tests

One of each of the following tests shall be performed on samples taken from 
the placed and compacted subbase course.  Samples shall be taken for each 
1000 square meters (1,196 square yards) of each layer of material placed in 
each area.

a.  Sieve Analysis including 0.02 mm size material
b.  Field Density
c.  Moisture liquid limit and plasticity index

1.5.4   Approval of Material

The source of the material shall be selected 30 days prior to the time the 
material will be required in the work.  Approval of the materials will be 
based on tests for gradation, liquid limit, and plasticity index performed 
on samples taken from the completed and compacted subbase course.

1.6   WEATHER LIMITATIONS

Completed areas damaged by rainfall or other weather conditions shall be 
corrected to meet specified requirements.

1.7   EQUIPMENT

All plant, equipment, and tools used in the performance of the work will be 
subject to approval before the work is started and shall be maintained in 
satisfactory working condition at all times.  The equipment shall be 
adequate and shall have the capability of producing the required 
compaction, meeting grade controls, thickness control, and smoothness 
requirements as set forth herein.

PART 2   PRODUCTS

2.1   MATERIALS

Comply with the HIDT HSSRBPWC for the following:

A.  Aggregates for Untreated Base................Section 703.06,
                                             62 mm (2-1/2") size.

B.  Water........................................Section 712.01.

C.  Cullet and Cullet-Aggregate Mixtures as .....Section 717.01.
Construction Materials.

D.  Cullet Materials for Roadways................Section 717.02.

E.  Aggregate base course shall include a mixture of aggregate and cullet.  
When cullet is not produced on the island where the Project is located, 
or when material cost for cullet is greater than material cost for 
aggregate for untreated base, cullet may be excluded.  Before excluding 
cullet, notify the Contracting Officer in writing.  Cullet materials 
shall not be used within the boundaries of government property.

PART 3   EXECUTION

3.1   PREPARATION OF UNDERLYING MATERIAL
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Prior to constructing the subbase course, the underlying course or subgrade 
shall be cleaned of all foreign substances.  The surface of the underlying 
course or subgrade shall meet specified compaction and surface tolerances.  
Ruts, or soft yielding spots, in the underlying courses, subgrade areas 
having inadequate compaction, and deviations of the surface from the 
specified requirements, shall be corrected by loosening and removing soft 
or unsatisfactory material and by adding approved material, reshaping to 
line and grade, and recompacting to specified density requirements.  The 
finished underlying course shall not be disturbed by traffic or other 
operations and shall be maintained by the Contractor in a satisfactory 
condition until the subbase course is placed.

3.2   GRADE CONTROL

The finished and completed subbase course shall conform to the lines, 
grades, and cross sections shown.  The lines, grades, and cross sections 
shown shall be maintained by means of line and grade stakes placed by the 
Contractor at the work site.

3.3   MIXING AND PLACING MATERIALS

The materials shall be mixed and placed to obtain uniformity of the subbase 
material at the water content specified.  The Contractor shall make such 
adjustments in mixing or placing procedures or in equipment as may be 
directed to obtain the true grades, to minimize segregation and 
degradation, to reduce or accelerate loss or increase of water, and to 
insure a satisfactory subbase course.

3.4   LAYER THICKNESS

The compacted thickness of the completed course shall be as indicated.  
When a compacted layer of 150 mm (6 inches) is specified, the material may 
be placed in a single layer; when a compacted thickness of more than 150 mm 
(6 inches) is required, no layer shall exceed 150 mm (6 inches) nor be less 
than 75 mm (3 inches) when compacted.

3.5   COMPACTION

Each layer of the subbase course shall be compacted as specified with 
approved compaction equipment.  Water content shall be maintained during 
the compaction procedure to within plus or minus 2 percent of optimum water 
content, as determined from laboratory tests, as specified in paragraph 
SAMPLING AND TESTING.  In all places not accessible to the rollers, the 
mixture shall be compacted with hand-operated power tampers.  Compaction 
shall continue until each layer is compacted through the full depth to at 
least 95 percent of laboratory maximum density.  The Contractor shall make 
such adjustments in compacting or finishing procedures as may be directed 
to obtain true grades, to minimize segregation and degradation, to reduce 
or increase water content, and to ensure a satisfactory subbase course.  
Any materials that are found to be unsatisfactory shall be removed and 
replaced with satisfactory material or reworked, as directed, to meet the 
requirements of this specification.

3.6   EDGES

Approved material shall be placed along the edges of the subbase course in 
such quantity as will compact to the thickness of the course being 
constructed.  When the course is being constructed in two or more layers, 
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at least a 300 mm (1 foot) width of the shoulder shall be rolled and 
compacted simultaneously with the rolling and compacting of each layer of 
the subbase course, as directed.

3.7   SMOOTHNESS TEST

The surface of each layer shall not show deviations in excess of 10 mm (3/8 
inch) when tested with a 3.6 m (12 foot) straightedge applied parallel with 
and at right angles to the centerline of the area to be paved.  Deviations 
exceeding this amount shall be corrected by removing material, replacing 
with new material, or reworking existing material and compacting, as 
directed.

3.8   THICKNESS CONTROL

The completed thickness of the subbase course shall be in accordance with 
the thickness and grade indicated on the drawings.  The thickness of each 
course shall be measured at intervals providing at least one measurement 
for each 400 square meters (500 square yards) or part thereof of subbase 
course.  The thickness measurement shall be made by test holes, at least 75 
mm (3 inches) in diameter through the course.  The completed subbase course 
shall not be more than 13 mm (1/2 inch) deficient in thickness nor more 
than 13 mm (1/2 inch) above or below the established grade.  Where any of 
these tolerances are exceeded, the Contractor shall correct such areas by 
scarifying, adding new material of proper gradation or removing material, 
and compacting, as directed.  Where the measured thickness is 13 mm (1/2 
inch) or more thicker than shown, the course will be considered as 
conforming with the specified thickness requirements plus 13 mm(1/2 inch).  
The average job thickness shall be the average of the job measurements as 
specified above but within 6 mm (1/4 inch) of the thickness shown.

3.9   MAINTENANCE

The subbase course shall be maintained in a satisfactory condition until 
accepted.

        -- End of Section --
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SECTION 02722

AGGREGATE BASE COURSE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO T 180 (1997) Moisture-Density Relations of Soils 
Using a 4.54-kg (10-lb) Rammer and an 
457-mm (18-in) Drop

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 88 (1999a) Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate

ASTM C 117 (1995) Materials Finer Than 75 Micrometer 
(No. 200) Sieve in Mineral Aggregates by 
Washing

ASTM C 131 (1996) Resistance to Degradation of 
Small-Size Coarse Aggregate by Abrasion 
and Impact in the Los Angeles Machine

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM D 75 (1987; R 1997) Sampling Aggregates

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method

ASTM D 2487 (1998) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System)

ASTM D 2922 (1996) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth)

ASTM D 3017 (1996) Water Content of Soil and Rock in 
Place by Nuclear Methods (Shallow Depth)

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils

ASTM E 11 (1995) Wire-Cloth Sieves for Testing 
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Purposes

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   DEFINITIONS

For the purposes of this specification, the following definitions apply.

1.2.1   Aggregate Base Course

Aggregate base course (ABC) is well graded, durable aggregate uniformly 
moistened and mechanically stabilized by compaction.

1.2.2   Degree of Compaction

Degree of compaction required is expressed as a percentage of the maximum 
density obtained by the test procedure presented in AASHTO T 180, 
abbreviated as a percent of laboratory maximum density.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Plant, Equipment, and Tools

  List of proposed equipment to be used in performance of 
construction work, including descriptive data.

Waybills and Delivery Tickets

SD-06 Test Reports

Sampling and testing

Field Density Tests

  Calibration curves and related test results prior to using the 
device or equipment being calibrated.  Copies of field test 
results within 24 hours after the tests are performed.  Certified 
copies of test results for approval not less than 30 days before 
material is required for the work.
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1.3.1   Waybills and Delivery Tickets

Copies of waybills and delivery tickets during the progress of the work.  
Before the final statement is allowed, the Contractor shall file certified 
waybills and certified delivery tickets for all aggregates actually used.

1.4   SAMPLING AND TESTING

Sampling and testing shall be the responsibility of the Contractor.  
Sampling and testing shall be performed by a testing laboratory approved in 
accordance with Section 01451 CONTRACTOR QUALITY CONTROL.  Work requiring 
testing will not be permitted until the testing laboratory has been 
inspected and approved.  The materials shall be tested to establish 
compliance with the specified requirements; testing shall be performed at 
the specified frequency.  The Contracting Officer may specify the time and 
location of the tests.  Copies of test results shall be furnished to the 
Contracting Officer within 24 hours of completion of the tests.

1.4.1   Sampling

Samples for laboratory testing shall be taken in conformance with ASTM D 75. 
 When deemed necessary, the sampling will be observed by the Contracting 
Officer.

1.4.2   Tests

The following tests shall be performed in conformance with the applicable 
standards listed.

1.4.2.1   Sieve Analysis

Before starting work, at least one sample of material to be stabilized 
shall be tested in accordance with ASTM C 117 and ASTM C 136 on sieves 
conforming to ASTM E 11.  After the initial test, a minimum of one analysis 
shall be performed for each 1000 tons of material placed, with a minimum of 
three analyses for each day's run until the course is completed.

1.4.2.2   Liquid Limit and Plasticity Index

Liquid limit and plasticity index shall be determined in accordance with 
ASTM D 4318.

1.4.2.3   Moisture-Density Determinations

The maximum density and optimum moisture content shall be determined in 
accordance with AASHTO T 180.

1.4.2.4   Field Density Tests

Density shall be field measured in accordance with ASTM D 1556 or ASTM D 
2922.  For the method presented in ASTM D 1556 the base plate as shown in 
the drawing shall be used.  For the method presented in ASTM D 2922 the 
calibration curves shall be checked and adjusted if necessary using only 
the sand cone method as described in paragraph Calibration, of the ASTM 
publication.  Tests performed in accordance with ASTM D 2922 result in a 
wet unit weight of soil and when using this method, ASTM D 3017 shall be 
used to determine the moisture content of the soil.  The calibration curves 
furnished with the moisture gauges shall also be checked along with density 
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calibration checks as described in ASTM D 3017.  The calibration checks of 
both the density and moisture gauges shall be made by the prepared 
containers of material method, as described in paragraph Calibration of 
ASTM D 2922, on each different type of material being tested at the 
beginning of a job and at intervals as directed.

1.4.2.5   Wear Test

Wear tests shall be made on ABC course material in conformance with ASTM C 
131.

1.4.2.6   Soundness

Soundness tests shall be 18 percent maximum less when using magnesium in 
accordance with ASTM C 88.

1.4.3   Testing Frequency

1.4.3.1   Initial Tests

One of each of the following tests shall be performed on the proposed 
material prior to commencing construction to demonstrate that the proposed 
material meets all specified requirements when furnished.  If materials 
from more than one source are going to be utilized, this testing shall be 
completed for each source.

a.  Sieve Analysis including 0.02 mm (No. 635) size material.

b.  Liquid limit and plasticity index moisture-density 
relationship.

c.  Moisture-density relationship.

d.  Wear.

e.  Soundness.

1.4.3.2   In Place Tests

One of each of the following tests shall be performed on samples taken from 
the placed and compacted ABC.  Samples shall be taken and tested at the 
rates indicated.

     a.  Density tests shall be performed on every lift of material placed 
and at a frequency of one set of tests for every 250 square meters (300 
square yards), or portion thereof, of completed area.

     b.  Sieve Analysis shall be performed for every 500 metric tons (500 
tons), or portion thereof, of material placed.

     c.  Liquid limit and plasticity index tests shall be performed at the 
same frequency as the sieve analysis.

1.4.4   Approval of Material

The source of the material shall be selected 30 days prior to the time the 
material will be required in the work.  Tentative approval of material will 
be based on initial test results.  Final approval of the materials will be 
based on sieve analysis, liquid limit, and plasticity index tests performed 
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on samples taken from the completed and fully compacted ABC.

1.5   WEATHER LIMITATIONS

Completed areas damaged by rainfall, or other weather conditions shall be 
corrected to meet specified requirements.

1.6   PLANT, EQUIPMENT, AND TOOLS

All plant, equipment, and tools used in the performance of the work will be 
subject to approval before the work is started and shall be maintained in 
satisfactory working condition at all times.  The equipment shall be 
adequate and shall have the capability of producing the required 
compaction, meeting grade controls, thickness control, and smoothness 
requirements as set forth herein.

PART 2   PRODUCTS

2.1   MATERIALS

Comply with the HIDT HSSRBPWC for the following:

A.  Aggregates for Untreated Base................Section 703.06,
                                       38 mm (1-1/2") maximum gradation.

B.  Water........................................Section 712.01.

C.  Cullet and Cullet-Aggregate Mixtures as .....Section 717.01.
Construction Materials.

D.  Cullet Materials for Roadways................Section 717.02.

E.  Aggregate base course shall include a mixture of aggregate and cullet.  
When cullet is not produced on the island where the Project is located, 
or when material cost for cullet is greater than material cost for 
aggregate for untreated base, cullet may be excluded.  Before excluding 
cullet, notify the Contracting Officer in writing.  Cullet materials 
shall not be used within the boundaries of government property.

PART 3   EXECUTION

3.1   GENERAL REQUIREMENTS

When the ABC is constructed in more than one layer, the previously 
constructed layer shall be cleaned of loose and foreign matter by sweeping 
with power sweepers or power brooms, except that hand brooms may be used in 
areas where power cleaning is not practicable.  Adequate drainage shall be 
provided during the entire period of construction to prevent water from 
collecting or standing on the working area.  Line and grade stakes shall be 
provided as necessary for control.  Grade stakes shall be in lines parallel 
to the centerline of the area under construction and suitably spaced for 
string lining.

3.2   PREPARATION OF UNDERLYING COURSE

Prior to constructing the ABC, the underlying course or subgrade shall be 
cleaned of all foreign substances.  At the time of construction of the ABC, 
the underlying course shall contain no frozen material.  The surface of the 
underlying course or subgrade shall meet specified compaction and surface 
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tolerances.  The underlying course shall conform to Section 02721 SUBBASE 
COURSES.  Ruts or soft yielding spots in the underlying courses, areas 
having inadequate compaction, and deviations of the surface from the 
requirements set forth herein shall be corrected by loosening and removing 
soft or unsatisfactory material and by adding approved material, reshaping 
to line and grade, and recompacting to specified density requirements.  For 
cohesionless underlying courses containing sands or gravels, as defined in 
ASTM D 2487, the surface shall be stabilized prior to placement of the ABC. 
 Stabilization shall be accomplished by mixing ABC into the underlying 
course and compacting by approved methods.  The stabilized material shall 
be considered as part of the underlying course and shall meet all 
requirements of the underlying course.  The finished underlying course 
shall not be disturbed by traffic or other operations and shall be 
maintained by the Contractor in a satisfactory condition until the ABC is 
placed.

3.3   INSTALLATION

3.3.1   Mixing the Materials

The coarse and fine aggregates shall be mixed in a stationary plant, or in 
a traveling plant or bucket loader on an approved paved working area.  The 
Contractor shall make adjustments in mixing procedures or in equipment as 
directed to obtain true grades, to minimize segregation or degradation, to 
obtain the required water content, and to insure a satisfactory ABC meeting 
all requirements of this specification.

3.3.2   Placing

The mixed material shall be placed on the prepared subgrade or subbase in 
layers of uniform thickness with an approved spreader.  When a compacted 
layer 150 mm (6 inches) or less in thickness is required, the material 
shall be placed in a single layer.  When a compacted layer in excess of 150 
mm (6 inches) is required, the material shall be placed in layers of equal 
thickness.  No layer shall exceed 150 mm (6 inches) or less than 75mm (3 
inches) when compacted.  The layers shall be so placed that when compacted 
they will be true to the grades or levels required with the least possible 
surface disturbance.  Where the ABC is placed in more than one layer, the 
previously constructed layers shall be cleaned of loose and foreign matter 
by sweeping with power sweepers, power brooms, or hand brooms, as directed. 
 Such adjustments in placing procedures or equipment shall be made as may 
be directed to obtain true grades, to minimize segregation and degradation, 
to adjust the water content, and to ensure an acceptable ABC.

3.3.3   Grade Control

The finished and completed ABC shall conform to the lines, grades, and 
cross sections shown.  Underlying material(s) shall be excavated and 
prepared at sufficient depth for the required ABC thickness so that the 
finished ABC with the subsequent surface course will meet the designated 
grades.

3.3.4   Edges of Base Course

The ABC shall be placed so that the completed section will be a minimum of 
1.5 m (5 feet) wider, on all sides, than the next layer that will be placed 
above it.  Additionally, approved fill material shall be placed along the 
outer edges of ABC in sufficient quantities to compact to the thickness of 
the course being constructed, or to the thickness of each layer in a 
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multiple layer course, allowing in each operation at least a 600 mm (2 
foot) width of this material to be rolled and compacted simultaneously with 
rolling and compacting of each layer of ABC.  If this base course material 
is to be placed adjacent to another pavement section, then the layers for 
both of these sections shall be placed and compacted along this edge at the 
same time.

3.3.5   Compaction

Each layer of the ABC shall be compacted as specified with approved 
compaction equipment.  Water content shall be maintained during the 
compaction procedure to within plus or minus 2 percent of the optimum water 
content determined from laboratory tests as specified in paragraph SAMPLING 
AND TESTING.  Rolling shall begin at the outside edge of the surface and 
proceed to the center, overlapping on successive trips at least one-half 
the width of the roller.  Alternate trips of the roller shall be slightly 
different lengths.  The speed of the roller shall not be more than 4.8 kmph 
(3 mph), and if necessary be adjusted downward so that displacement of the 
aggregate does not occure.  In all places not accessible to the rollers, 
the mixture shall be compacted with hand-operated power tampers.  
Compaction shall continue until each layer has a degree of compaction that 
is at least 100 percent of laboratory maximum density through the full 
depth of the layer.  The Contractor shall make such adjustments in 
compacting or finishing procedures as may be directed to obtain true 
grades, to minimize segregation and degradation, to reduce or increase 
water content, and to ensure a satisfactory ABC.  Any materials that are 
found to be unsatisfactory shall be removed and replaced with satisfactory 
material or reworked, as directed, to meet the requirements of this 
specification.

3.3.6   Thickness

Compacted thickness of the aggregate course shall be as indicated.  No 
individual layer shall exceed 200 mm (8 inches) nor be less than 75 mm (3 
inches) in compacted thickness.  The total compacted thickness of the ABC 
course shall be within 13 mm (1/2 inch) of the thickness indicated.  Where 
the measured thickness is more than 13 mm (1/2 inch) deficient, such areas 
shall be corrected by scarifying, adding new material of proper gradation, 
reblading, and recompacting as directed.  Where the measured thickness is 
more than 13 mm  (1/2 inch) thicker than indicated, the course shall be 
considered as conforming to the specified thickness requirements.  Average 
job thickness shall be the average of all thickness measurements taken for 
the job, but shall be within 6 mm  (1/4 inch) of the thickness indicated.  
The total thickness of the ABC course shall be measured at intervals in 
such a manner as to ensure one measurement for each 500 square meters (600 
square yards) of base course.  Measurements shall be made in 75 mm (3 inch) 
diameter test holes penetrating the base course.

3.3.7   Proof Rolling

Proof rolling of the areas indicated shall be in addition to the compaction 
specified and shall consist of the application of 30 coverages with a heavy 
pneumatic-tired roller having four or more tires, each loaded to a minimum 
of 13,600 kg (30,000 pounds) and inflated to a minimum of 1035 kPa (150 
psi).  In areas designated, proof rolling shall be applied to the top of 
the underlying material on which ABC is laid and to each layer of ABC.  
Water content of the underlying material shall be maintained at optimum or 
at the percentage directed from start of compaction to completion of proof 
rolling of that layer.  Water content of each layer of the ABC shall be 
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maintained at the optimum percentage directed from start of compaction to 
completion of proof rolling.  Any ABC materials or any underlying materials 
that produce unsatisfactory results by proof rolling shall be removed and 
replaced with satisfactory materials, recompacted and proof rolled to meet 
these specifications.

3.3.8   Finishing

The surface of the top layer of ABC shall be finished after final 
compaction and proof rolling by cutting any overbuild to grade and rolling 
with a steel-wheeled roller.  Thin layers of material shall not be added to 
the top layer of base course to meet grade.  If the elevation of the top 
layer of ABC is 13 mm (1/2 inch) or more below grade, then the top layer 
should be scarified to a depth of at least 75 mm (3 inches) and new 
material shall be blended in and compacted, compacted and proof rolled to 
bring to grade.  Adjustments to rolling and finishing procedures shall be 
made as directed to minimize segregation and degradation, obtain grades, 
maintain moisture content, and insure an acceptable base course.  Should 
the surface become rough, corrugated, uneven in texture, or traffic marked 
prior to completion, the unsatisfactory portion shall be scarified, 
reworked and recompacted or it shall be replaced as directed.

3.3.9   Smoothness

The surface of the top layer shall show no deviations in excess of 10 mm 
(3/8 inch) when tested with a 3.05 meter (10 foot) straightedge.  
Measurements shall be taken in successive positions parallel to the 
centerline of the area to be paved.  Measurements shall also be taken 
perpendicular to the centerline at 15 meter (50 foot) intervals.  
Deviations exceeding this amount shall be corrected by removing material 
and replacing with new material, or by reworking existing material and 
compacting it to meet these specifications.

3.4   TRAFFIC

Traffic shall not be allowed on the completed ABC course.  

3.5   MAINTENANCE

The ABC shall be maintained in a satisfactory condition until the full 
pavement section is completed and accepted.  Maintenance shall include 
immediate repairs to any defects and shall be repeated as often as 
necessary to keep the area intact.  Any ABC that is not paved over prior to 
the onset of winter, shall be retested to verify that it still complies 
with the requirements of this specification.  Any area of ABC that is 
damaged shall be reworked or replaced as necessary to comply with this 
specification.

3.6   DISPOSAL OF UNSATISFACTORY MATERIALS

Any unsuitable materials that must be removed shall be disposed of off 
project site.  No additional payments will be made for materials that must be 
replaced.

    -- End of Section --
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SECTION 02741

HOT-MIX ASPHALT (HMA) FOR ROADS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO TP53 (1998; Interim 1999) Determining Asphalt 
Content of Hot Mix Asphalt by the Ignition 
Method

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse 
Aggregates

ASTM C 566 (1997) Evaporable Total Moisture Content 
of Aggregate by Drying

ASTM D 995 (1995b) Mixing Plants for Hot-Mixed, 
Hot-Laid Bituminous Paving Mixtures

ASTM D 1461 (1985)) Moisture or Volatile Distillates 
in Bituminous Paving Mixtures

ASTM D 1559 (1989) Resistance to Plastic Flow of 
Bituminous Mixtures Using Marshall 
Apparatus

ASTM D 2041 (1995) Theoretical Maximum Specific 
Gravity and Density of Bituminous Paving 
Mixtures

ASTM D 2172 (1995) Quantitative Extraction of Bitumen 
from Bituminous Paving Mixtures

ASTM D 2489 (1984; R 1994el) Degree of Particle 
Coating of Bituminous-Aggregate Mixtures

ASTM D 2726 (1996el) Bulk Specific Gravity and Density 
of Non-Absorptive Compacted Bituminous 
Mixture

ASTM D 2950 (1997) Density of Bituminous Concrete in 
Place by Nuclear Method
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ASTM D 3665 (1999) Random Sampling of Construction 
Materials

ASTM D 3666 (1998) Minimum Requirements for Agencies 
Testing and Inspecting Bituminous Paving 
Materials

ASTM D 4125 (1994el)Asphalt Content of Bituminous 
Mixtures by the Nuclear Method

ASTM D 5444 (1998) Mechanical Size Analysis of 
Extracted Aggregate

ASTM D 6307 (1998) Asphalt Content of Hot Mix Asphalt 
by Ignition Method

CALIFORNIA DEPARTMENT OF TRANSPORTATION (CDT)

CDT Test 526 (1978) Operation of California 
Profilograph and Evaluation of Profiles

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   DESCRIPTION OF WORK

The work shall consist of pavement courses composed of mineral aggregate 
and asphalt material heated and mixed in a central mixing plant and placed 
on a prepared course.  HMA designed and constructed in accordance with this 
section shall conform to the lines, grades, thicknesses, and typical cross 
sections shown on the drawings.  Each course shall be constructed to the 
depth, section, or elevation required by the drawings and shall be rolled, 
finished, and approved before the placement of the next course.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Mix Design.
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  Proposed JMF.

Contractor Quality Control.

  Quality control plan.

Material Acceptance and Percent Payment.

  Acceptance test results and pay calculations.

SD-04 Samples

Asphalt Cement Binder.

  20 L (5 gallon) sample for mix design verification.

SD-06 Test Reports

Aggregate.

QC Monitoring.

  Aggregate and QC test results.

SD-07 Certificates

Asphalt Cement Binder.

  Copies of certified test data.

Testing Laboratory.

  Certification of compliance.

  Plant Scale Calibration Certification

1.4   ASPHALT MIXING PLANT

Plants used for the preparation of hot-mix asphalt shall conform to the 
requirements of ASTM D 995 with the following changes:

     a.  Truck Scales.  The asphalt mixture shall be weighed on approved  
certified scales at the Contractor's expense.  Scales shall be inspected 
and sealed at least annually by an approved calibration laboratory.

     b.  Testing Facilities.  The Contractor shall provide laboratory 
facilities at the plant for the use of the Government's acceptance testing 
and the Contractor's quality control testing.

     c.  Inspection of Plant.  The Contracting Officer shall have access at 
all times, to all areas of the plant for checking adequacy of equipment; 
inspecting operation of the plant; verifying weights, proportions, and 
material properties; checking the temperatures maintained in the 
preparation of the mixtures and for taking samples.  The Contractor shall 
provide assistance as requested, for the Government to procure any desired 
samples.

     d.  Storage Bins.  Use of storage bins for temporary storage of 
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hot-mix asphalt will be permitted as follows:

            (1) The asphalt mixture may be stored in non-insulated storage 
bins for a period of time not exceeding 3 hours.

            (2) The asphalt mixture may be stored in insulated storage bins 
for a period of time not exceeding 8 hours.  The mix drawn from bins shall 
meet the same requirements as mix loaded directly into trucks.

1.5   HAULING EQUIPMENT

Trucks used for hauling hot-mix asphalt shall have tight, clean, and smooth 
metal beds.  To prevent the mixture from adhering to them, the truck beds 
shall be lightly coated with a minimum amount of paraffin oil, lime 
solution, or other approved material.  Petroleum based products shall not 
be used as a release agent.  Each truck shall have a suitable cover to 
protect the mixture from adverse weather.  When necessary to ensure that 
the mixture will be delivered to the site at the specified temperature, 
truck beds shall be insulated or heated and covers (tarps) shall be 
securely fastened.

1.6   ASPHALT PAVERS

Asphalt pavers shall be self-propelled, with an activated screed, heated as 
necessary, and shall be capable of spreading and finishing courses of 
hot-mix asphalt which will meet the specified thickness, smoothness, and 
grade.  The paver shall have sufficient power to propel itself and the 
hauling equipment without adversely affecting the finished surface.

1.6.1   Receiving Hopper

The paver shall have a receiving hopper of sufficient capacity to permit a 
uniform spreading operation.  The hopper shall be equipped with a 
distribution system to place the mixture uniformly in front of the screed 
without segregation.  The screed shall effectively produce a finished 
surface of the required evenness and texture without tearing, shoving, or 
gouging the mixture.

1.6.2   Automatic Grade Controls

If an automatic grade control device is used, the paver shall be equipped 
with a control system capable of automatically maintaining the specified 
screed elevation.  The control system shall be automatically actuated from 
either a reference line and/or through a system of mechanical sensors or 
sensor-directed mechanisms or devices which will maintain the paver screed 
at a predetermined transverse slope and at the proper elevation to obtain 
the required surface.  The transverse slope controller shall be capable of 
maintaining the screed at the desired slope within plus or minus 0.1 
percent.  A transverse slope controller shall not be used to control grade. 
 The controls shall be capable of working in conjunction with any of the 
following attachments:

a.  Ski-type device of not less than 9.14 m (30 feet) in length.

b.  Taut stringline set to grade.

c.  Short ski or shoe for joint matching.

d.  Laser control.
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1.7   ROLLERS

Rollers shall be in good condition and shall be operated at slow speeds to 
avoid displacement of the asphalt mixture.  The number, type, and weight of 
rollers shall be sufficient to compact the mixture to the required density 
while it is still in a workable condition.  Equipment which causes 
excessive crushing of the aggregate shall not be used.

1.8   WEATHER LIMITATIONS

The hot-mix asphalt shall not be placed upon a wet surface or when weather 
conditions otherwise prevent the proper handling or finishing of the 
bituminous course.

PART 2   PRODUCTS

2.1   MATERIALS

Comply with the HIDT HSSRBPWC, Sections 401 and 700 for the following:

A.  Asphalt Cement Binder........................Section 702.01.

B.  Aggregate for Hot Plant Mix Bituminous. .....Section 703.09.
Pavement.                              Type IV mix gradation

C.  Filler.......................................Section 703.15.

D.  Blending Sand................................Section 703.22.

E.  Hydraulic Lime...............................Section 712.03.

2.2   MIX DESIGN

Conform to HIDT HSSRBPWC, Section 401, Table 401.02.1, "Limits of 
Bituminous Binder Content," Table 401.02.2, "Job Mix Formula Design 
Criteria," Table 401.02.3, "Minimum Percent Voids in Mineral Aggregates 
(VMA), and Table 401.02.4, "Range of Tolerance for Job-Mix Formula."

PART 3   EXECUTION

3.1   PREPARATION OF ASPHALT BINDER MATERIAL

The asphalt cement material shall be heated avoiding local overheating and 
providing a continuous supply of the asphalt material to the mixer at a 
uniform temperature.  The temperature of unmodified asphalts shall be no 
more than 160 degrees C (325 degrees F) when added to the aggregates.  
Modified asphalts shall be no more than 177 degrees C (350 degrees F) when 
added to the aggregates.

3.2   PREPARATION OF MINERAL AGGREGATE

The aggregate for the mixture shall be heated and dried prior to mixing.  
No damage shall occur to the aggregates due to the maximum temperature and 
rate of heating used.  The temperature of the aggregate and mineral filler 
shall not exceed 177 degrees C (350 degrees F) when the asphalt cement is 
added.  The temperature shall not be lower than is required to obtain 
complete coating and uniform distribution on the aggregate particles and to 
provide a mixture of satisfactory workability.
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3.3   PREPARATION OF HOT-MIX ASPHALT MIXTURE   

The aggregates and the asphalt cement shall be weighed or metered and 
introduced into the mixer in the amount specified by the JMF.  The combined 
materials shall be mixed until the aggregate obtains a uniform coating of 
asphalt binder and is thoroughly distributed throughout the mixture.  Wet 
mixing time shall be the shortest time that will produce a satisfactory 
mixture, but no less than 25 seconds for batch plants.  The wet mixing time 
for all plants shall be established by the Contractor, based on the 
procedure for determining the percentage of coated particles described in 
ASTM D 2489, for each individual plant and for each type of aggregate used. 
 The wet mixing time will be set to at least achieve 95 percent of coated 
particles.  The moisture content of all hot-mix asphalt upon discharge from 
the plant shall not exceed 0.5 percent by total weight of mixture as 
measured by ASTM D 1461.

3.4   PREPARATION OF THE UNDERLYING SURFACE

Immediately before placing the hot mix asphalt, the underlying course shall 
be cleaned of dust and debris.  A prime coat and/or tack coat shall be 
applied in accordance with the contract specifications.

3.5   TESTING LABORATORY

The laboratory used to develop the JMF shall meet the requirements of ASTM 
D 3666.  A certification signed by the manager of the laboratory stating 
that it meets these requirements or clearly listing all deficiencies shall 
be submitted to the Contracting Officer prior to the start of construction. 
 The certification shall contain as a minimum:

     a.  Qualifications of personnel; laboratory manager, supervising 
technician, and testing technicians.

     b.  A listing of equipment to be used in developing the job mix.

     c.  A copy of the laboratory's quality control system.

     d.  Evidence of participation in the AASHTO Materials Reference 
Laboratory (AMRL) program.

3.6   TRANSPORTING AND PLACING

3.6.1   Transporting

The hot-mix asphalt shall be transported from the mixing plant to the site 
in clean, tight vehicles.  Deliveries shall be scheduled so that placing 
and compacting of mixture is uniform with minimum stopping and starting of 
the paver.  Adequate artificial lighting shall be provided for night 
placements.  Hauling over freshly placed material will not be permitted 
until the material has been compacted as specified, and allowed to cool to 
60 degrees C (140 degrees F).  To deliver mix to the paver, the Contractor 
shall use a material transfer vehicle which shall be operated to produce 
continuous forward motion of the paver.

3.6.2   Placing

The mix shall be placed in maximum lift thickness of 75 mm (3") and 
compacted at a temperature suitable for obtaining density, surface 
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smoothness, and other specified requirements.  Upon arrival, the mixture 
shall be placed to the full width by an asphalt paver; it shall be struck 
off in a uniform layer of such depth that, when the work is completed, it 
shall have the required thickness and conform to the grade and contour 
indicated.  The speed of the paver shall be regulated to eliminate pulling 
and tearing of the asphalt mat.  Unless otherwise permitted, placement of 
the mixture shall begin along the centerline of a crowned section or on the 
high side of areas with a one-way slope.  The mixture shall be placed in 
consecutive adjacent strips having a minimum width of 3 m (10 feet).  The 
longitudinal joint in one course shall offset the longitudinal joint in the 
course immediately below by at least 300 mm (1 foot); however, the joint in 
the surface course shall be at the centerline of the pavement.  Transverse 
joints in one course shall be offset by at least 3 m (10 feet) from 
transverse joints in the previous course.  Transverse joints in adjacent 
lanes shall be offset a minimum of 3 m (10 feet).  On isolated areas where 
irregularities or unavoidable obstacles make the use of mechanical 
spreading and finishing equipment impractical, the mixture may be spread 
and luted by hand tools.

3.7   COMPACTION OF MIXTURE

After placing, the mixture shall be thoroughly and uniformly compacted by 
rolling.  The surface shall be compacted as soon as possible without 
causing displacement, cracking or shoving.  The sequence of rolling 
operations and the type of rollers used shall be at the discretion of the 
Contractor.  The speed of the roller shall, at all times, be sufficiently 
slow to avoid displacement of the hot mixture and be effective in 
compaction.  Any displacement occurring as a result of reversing the 
direction of the roller, or from any other cause, shall be corrected at 
once.  Sufficient rollers shall be furnished to handle the output of the 
plant.  Rolling shall continue until the surface is of uniform texture, 
true to grade and cross section, and the required field density is not less 
than 92 percent nor greater than 97 percent of the maximum specific gravity 
determined according to AASHTO T209 obtained.  To prevent adhesion of the 
mixture to the roller, the wheels shall be kept properly moistened but 
excessive water will not be permitted.  In areas not accessible to the 
roller, the mixture shall be thoroughly compacted with hand tampers.  Any 
mixture that becomes loose and broken, mixed with dirt, contains 
check-cracking, or is in any way defective shall be removed full depth, 
replaced with fresh hot mixture and immediately compacted to conform to the 
surrounding area.  This work shall be done at the Contractor's expense.  
Skin patching will not be allowed.

3.8   JOINTS

The formation of joints shall be made ensuring a continuous bond between 
the courses and to obtain the required density.  All joints shall have the 
same texture as other sections of the course and meet the requirements for 
smoothness and grade.

3.8.1   Transverse Joints

The roller shall not pass over the unprotected end of the freshly laid 
mixture, except when necessary to form a transverse joint.  When necessary 
to form a transverse joint, it shall be made by means of placing a bulkhead 
or by tapering the course.  The tapered edge shall be cut back to its full 
depth and width on a straight line to expose a vertical face prior to 
placing material at the joint .  The cutback material shall be removed from 
the project.  In both methods, all contact surfaces shall be given a light 
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tack coat of asphalt material before placing any fresh mixture against the 
joint.

3.8.2   Longitudinal Joints

Longitudinal joints which are irregular, damaged, uncompacted, cold (less 
than 80 degrees C (175 degrees F) at the time of placing adjacent lanes), 
or otherwise defective, shall be cut back a minimum of 50 mm (2 inches) 
from the edge with a cutting wheel to expose a clean, sound vertical 
surface for the full depth of the course.  All cutback material shall be 
removed from the project.  All contact surfaces shall be given a light tack 
coat of asphalt material prior to placing any fresh mixture against the 
joint.  The Contractor will be allowed to use an alternate method if it can 
be demonstrated that density, smoothness, and texture can be met.

3.9   CONTRACTOR QUALITY CONTROL

3.9.1   General Quality Control Requirements

The Contractor shall develop an approved Quality Control Plan.  Hot-mix 
asphalt for payment shall not be produced until the quality control plan 
has been approved.  The plan shall address all elements which affect the 
quality of the pavement including, but not limited to:

a.  Mix Design

b.  Aggregate Grading

c.  Quality of Materials

d.  Stockpile Management

e.  Proportioning

f.  Mixing and Transportation

g.  Mixture Volumetrics

h.  Moisture Content of Mixtures

i.  Placing and Finishing

j.  Joints

k.  Compaction

l.Surface Smoothness

3.9.2   Testing Laboratory

The Contractor shall provide a fully equipped asphalt laboratory located at 
the plant.  The laboratory shall meet the requirements as required in ASTM 
D 3666.  Laboratory facilities shall be kept clean and all equipment shall 
be maintained in proper working condition.  The Contracting Officer shall 
be permitted unrestricted access to inspect the Contractor's laboratory 
facility, to witness quality control activities, and to perform any check 
testing desired.  The Contracting Officer will advise the Contractor in 
writing of any noted deficiencies concerning the laboratory facility, 
equipment, supplies, or testing personnel and procedures.  When the 
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deficiencies are serious enough to adversely affect test results, the 
incorporation of the materials into the work shall be suspended immediately 
and will not be permitted to resume until the deficiencies are corrected.

3.9.3   Quality Control Testing

The Contractor shall perform all quality control tests applicable to these 
specifications and as set forth in the Quality Control Program.  The 
testing program shall include, but shall not be limited to, tests for the 
control of asphalt content, aggregate gradation, temperatures, aggregate 
moisture, moisture in the asphalt mixture, laboratory air voids, stability, 
flow, in-place density, grade and smoothness.  A Quality Control Testing 
Plan shall be developed as part of the Quality Control Program.

3.9.3.1   Asphalt Content

A minimum of two tests to determine asphalt content will be performed per 
lot (a lot is defined in paragraph MATERIAL ACCEPTANCE AND PERCENT PAYMENT) 
by one of the following methods: the extraction method in accordance with 
ASTM D 2172, Method A or B, the ignition method in accordance with the 
AASHTO TP53or ASTM D 6307, or the nuclear method in accordance with ASTM D 
4125, provided the nuclear gauge is calibrated for the specific mix being 
used.  For the extraction method, the weight of ash, as described in ASTM D 
2172, shall be determined as part of the first extraction test performed at 
the beginning of plant production; and as part of every tenth extraction 
test performed thereafter, for the duration of plant production.  The last 
weight of ash value obtained shall be used in the calculation of the 
asphalt content for the mixture.

3.9.3.2   Gradation

Aggregate gradations shall be determined a minimum of twice per lot from 
mechanical analysis of recovered aggregate in accordance with ASTM D 5444.  
When asphalt content is determined by the nuclear method, aggregate 
gradation shall be determined from hot bin samples on batch plants, or from 
the cold feed on drum mix plants.  For batch plants, aggregates shall be 
tested in accordance with ASTM C 136 using actual batch weights to 
determine the combined aggregate gradation of the mixture.

3.9.3.3   Temperatures

Temperatures shall be checked at least four times per lot, at necessary 
locations, to determine the temperature at the dryer, the asphalt cement in 
the storage tank, the asphalt mixture at the plant, and the asphalt mixture 
at the job site.

3.9.3.4   Aggregate Moisture

The moisture content of aggregate used for production shall be determined a 
minimum of once per lot in accordance with ASTM C 566.

3.9.3.5   Moisture Content of Mixture

The moisture content of the mixture shall be determined at least once per 
lot in accordance with ASTM D 1461 or an approved alternate procedure.

3.9.3.6   Laboratory Air Voids, Marshall Stability and Flow

Mixture samples shall be taken at least four times per lot and compacted 
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into specimens, using 50 blows per side with the Marshall hammer as 
described in ASTM D 1559.  After compaction, the laboratory air voids of 
each specimen shall be determined, as well as the Marshall stability and 
flow.

3.9.3.7   In-Place Density

The Contractor shall conduct any necessary testing to ensure the specified 
density is achieved.  A nuclear gauge may be used to monitor pavement 
density in accordance with ASTM D 2950.

3.9.3.8   Grade and Smoothness

The Contractor shall conduct the necessary checks to ensure the grade and 
smoothness requirements are met in accordance with paragraph MATERIAL 
ACCEPTANCE AND PERCENT PAYMENT.

3.9.3.9   Additional Testing

Any additional testing, which the Contractor deems necessary to control the 
process, may be performed at the Contractor's option.

3.9.3.10   QC Monitoring

The Contractor shall submit all QC test results to the Contracting Officer 
on a daily basis as the tests are performed.  The Contracting Officer 
reserves the right to monitor any of the Contractor's quality control 
testing and to perform duplicate testing as a check to the Contractor's 
quality control testing.

3.9.4   Sampling

When directed by the Contracting Officer, the Contractor shall sample and 
test any material which appears inconsistent with similar material being 
produced, unless such material is voluntarily removed and replaced or 
deficiencies corrected by the Contractor.  All sampling shall be in 
accordance with standard procedures specified.

3.10   MATERIAL ACCEPTANCE AND PERCENT PAYMENT

Testing for acceptability of work will be performed  by an independent 
laboratory hired by the Contractor.  Test results and payment calculations 
shall be forwarded daily to the Contracting Officer.  Acceptance of the 
plant produced mix and in-place requirements will be on a lot to lot basis. 
 A standard lot for all requirements will be equal to 4 hours of 
production.  Where appropriate, adjustment in payment for individual lots 
of hot-mix asphalt will be made based on in-place density, laboratory air 
voids, grade and smoothness in accordance with the following paragraphs.  
Grade and surface smoothness determinations will be made on the lot as a 
whole.  Exceptions or adjustments to this will be made in situations where 
the mix within one lot is placed as part of both the intermediate and 
surface courses, thus grade and smoothness measurements for the entire lot 
cannot be made.  In order to evaluate laboratory air voids and in-place 
(field) density, each lot will be divided into four equal sublots.

3.10.1   Percent Payment

When a lot of material fails to meet the specification requirements for 100 
percent pay as outlined in the following paragraphs, that lot shall be 
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removed and replaced, or accepted at a reduced price which will be computed 
by multiplying the unit price by the lot's pay factor.  The lot pay factor 
is determined by taking the lowest computed pay factor based on either 
laboratory air voids, in-place density, grade or smoothness (each discussed 
below).  At the end of the project, an average of all lot pay factors will 
be calculated.  If this average lot pay factor exceeds 95.0 percent, then 
the percent payment for the entire project will be 100 percent of the unit 
bid price.  If the average lot pay factor is less than 95.0 percent, then 
each lot will be paid for at the unit price multiplied by the lot's pay 
factor.  For any lots which are less than 2000 metric tons , a weighted lot 
pay factor will be used to calculate the average lot pay factor.

3.10.2   Sublot Sampling

One random mixture sample for determining laboratory air voids, theoretical 
maximum density, and for any additional testing the Contracting Officer 
desires, will be taken from a loaded truck delivering mixture to each 
sublot, or other appropriate location for each sublot.  All samples will be 
selected randomly, using commonly recognized methods of assuring randomness 
conforming to ASTM D 3665 and employing tables of random numbers or 
computer programs.  Laboratory air voids will be determined from three 
laboratory compacted specimens of each sublot sample in accordance with 
ASTM D 1559.  The specimens will be compacted within 2 hours of the time 
the mixture was loaded into trucks at the asphalt plant.  Samples will not 
be reheated prior to compaction and insulated containers will be used as 
necessary to maintain the temperature.

3.10.3   Additional Sampling and Testing

The Contracting Officer reserves the right to direct additional samples and 
tests for any area which appears to deviate from the specification 
requirements.  The cost of any additional testing will be paid for by the 
Government.  Testing in these areas will be in addition to the lot testing, 
and the requirements for these areas will be the same as those for a lot.

3.10.4   Laboratory Air Voids

Laboratory air voids will be calculated by determining the Marshall density 
of each lab compacted specimen using ASTM D 2726 and determining the 
theoretical maximum density of every other sublot sample using ASTM D 2041. 
 Laboratory air void calculations for each sublot will use the latest 
theoretical maximum density values obtained, either for that sublot or the 
previous sublot.  The mean absolute deviation of the four laboratory air 
void contents (one from each sublot) from the JMF air void content will be 
evaluated and a pay factor determined from Table 7.  All laboratory air 
void tests will be completed and reported within 24 hours after completion 
of construction of each lot.

3.10.5   Mean Absolute Deviation

An example of the computation of mean absolute deviation for laboratory air 
voids is as follows:  Assume that the laboratory air voids are determined 
from 4 random samples of a lot (where 3 specimens were compacted from each 
sample).  The average laboratory air voids for each sublot sample are 
determined to be 3.5, 3.0, 4.0, and 3.7.  Assume that the target air voids 
from the JMF is 4.0.  The mean absolute deviation is then:

Mean Absolute Deviation = (|3.5 - 4.0| + |3.0 - 4.0| + |4.0 - 4.0| + |3.7 - 
4.0|/4
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= (0.5 + 1.0 + 0.0 + 0.3)/4 = (1.8)/4 = 0.45

The mean absolute deviation for laboratory air voids is determined to be 
0.45.  It can be seen from Table 7 that the lot's pay factor based on 
laboratory air voids, is 100 percent.

Table 7.  Pay Factor Based on Laboratory Air Voids
Mean Absolute Deviation of Lab Air Voids from JMF     Pay Factor, %

                   O.60 or less                            100
                   0.61 - 0.80                              98
                   0.81 - 1.00                              95
                   1.01 - 1.20                              90
                   Above 1.20                        reject (0)

3.10.6   In-place Density

3.10.6.1   General Density Requirements

For determining in-place density, one random core will be taken by the 
Government from the mat (interior of the lane) of each sublot, and one 
random core will be taken from the joint (immediately over joint) of each 
sublot.  Each random core will be full thickness of the layer being placed. 
 When the random core is less than 25 mm (1 inch) thick, it will not be 
included in the analysis.  In this case, another random core will be taken. 
 After air drying to a constant weight, cores obtained from the mat and 
from the joints will be used for in-place density determination.

3.10.6.2   Mat and Joint Densities

The average in-place mat and joint densities are expressed as a percentage 
of the average Marshall density for the lot.  The Marshall density for each 
lot will be determined as the average Marshall density of the four random 
samples (3 specimens compacted per sample).  The average in-place mat 
density and joint density for a lot are determined and compared with Table 
8 to calculate a single pay factor per lot based on in-place density, as 
described below.  First, a pay factor for both mat density and joint 
density are determined from Table 8.  The area associated with the joint is 
then determined and will be considered to be 3 m (10 feet) wide times the 
length of completed longitudinal construction joint in the lot.  This area 
will not exceed the total lot size.  The length of joint to be considered 
will be that length where a new lane has been placed against an adjacent 
lane of hot-mix asphalt pavement, either an adjacent freshly paved lane or 
one paved at any time previously.  The area associated with the joint is 
expressed as a percentage of the total lot area.  A weighted pay factor for 
the joint is determined based on this percentage (see example below).  The 
pay factor for mat density and the weighted pay factor for joint density is 
compared and the lowest selected.  This selected pay factor is the pay 
factor based on density for the lot.  When the Marshall density on both 
sides of a longitudinal joint is different, the average of these two 
densities will be used as the Marshall density needed to calculate the 
percent joint density.  All density results for a lot will be completed and 
reported within 24 hours after the construction of that lot.
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Table 8.  Pay Factor Based on In-place Density
Average Mat Density                            Average Joint Density
       (4 Cores)            Pay Factor, %               (4 Cores)
  --------------------------------------------------------------------

  97.9 or 100                   100.0                 96.4 or above
  97.8 or 100.1                  99.9                      96.3
     97.7                        99.8                      96.2
  97.6 or100.2                   99.6                      96.1
     97.5                        99.4                      96.0
  97.4 or 100.3                  99.1                      95.9
     97.3                        98.7                      95.8
  97.2 or 100.4                  98.3                      95.7
     97.1                        97.8                      95.6
  97.0 or 100.5                  97.3                      95.5
     96.9                        96.3                      95.4
  96.8 or 100.6                  94.1                      95.3
     96.7                        92.2                      95.2
  96.6 or 100.7                  90.3                      95.1
     96.5                        87.9                      95.0
  96.4 or 100.8                  85.7                      94.9
     96.3                        83.3                      94.8
  96.2 or 100.9                  80.6                      94.7
     96.1                        78.0                      94.6
  96.0 or 101.0                  75.0                      94.5
  below 96.0or above 101.0       0.0 (reject)        below 94.5

3.10.6.3   Pay Factor Based on In-place Density

An example of the computation of a pay factor (in I-P units only) based on 
in-place density, is as follows:  Assume the following test results for 
field density made on the lot:  (1) Average mat density = 97.2 percent (of 
lab density).  (2) Average joint density = 95.5 percent (of lab density).  
(3) Total area of lot = 30,000 square feet.  (4) Length of completed 
longitudinal construction joint = 2000 feet.

     a.  Step 1:  Determine pay factor based on mat density and on joint 
density, using Table 8:

Mat density of 97.2 percent = 98.3 pay factor.

Joint density of 95.5 percent = 97.3 pay factor.

     b.  Step 2:  Determine ratio of joint area (length of longitudinal 
joint x 10 ft) to mat area (total paved area in the lot):  Multiply the 
length of completed longitudinal construction joint by the specified 10 ft. 
width and divide by the mat area (total paved area in the lot).

(2000 ft. x 10 ft.)/30000 sq.ft. = 0.6667 ratio of joint area to mat 
area (ratio).

     c.  Step 3: Weighted pay factor (wpf) for joint is determined as 
indicated below:

wpf = joint pay factor + (100 - joint pay factor) (1 - ratio)
wpf = 97.3 + (100-97.3) (1-.6667) = 98.2%
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     d.  Step 4: Compare weighted pay factor for joint density to pay 
factor for mat density and select the smaller:

Pay factor for mat density:  98.3%.  Weighted pay factor for joint 
density:  98.2%

Select the smaller of the two values as pay factor based on density:  
98.2%

3.10.7   Grade

The final wearing surface of pavement shall conform to the elevations and 
cross sections shown and shall vary not more than 16 mm (5/8 inch) from the 
plan grade established and approved at site of work.  Finished surfaces at 
juncture with other pavements shall coincide with finished surfaces of 
abutting pavements.  Deviation from the plan elevation will not be 
permitted in areas of pavements where closer conformance with planned 
elevation is required for the proper functioning of drainage and other 
appurtenant structures involved.  The final wearing surface of the pavement 
will be tested for conformance with specified plan grade requirements.  The 
grade will be determined by running lines of levels at intervals of 7.6 m 
(25 feet), or less, longitudinally and transversely, to determine the 
elevation of the completed pavement surface.  Within 5 working days, after 
the completion of a particular lot incorporating the final wearing surface, 
the Contracting Officer will inform the Contractor in writing, of the 
results of the grade-conformance tests.  When more than 5 percent of all 
measurements made within a lot are outside the 16 mm (5/8 inch) tolerance, 
the pay factor based on grade for that lot will be 95 percent.  In areas 
where the grade exceeds the tolerance by more than 50 percent, the 
Contractor shall remove the surface lift full depth; the Contractor shall 
then replace the lift with hot-mix asphalt to meet specification 
requirements, at no additional cost to the Government.  Diamond grinding 
may be used to remove high spots to meet grade requirements.  Skin patching 
for correcting low areas or planing or milling for correcting high areas 
will not be permitted.

3.10.8   Surface Smoothness

The Contractor shall use both of the following methods to test and evaluate 
surface smoothness of the pavement.  All testing shall be performed in the 
presence of the Contracting Officer.  Detailed notes of the results of the 
testing shall be kept and a copy furnished to the Government immediately 
after each day's testing.  The profilograph method shall be used for all 
longitudinal and transverse testing, except where the runs would be less 
than 60 m (200 feet) in length and the ends where the straightedge shall be 
used.  Where drawings show required deviations from a plane surface 
(crowns, drainage inlets, etc.), the surface shall be finished to meet the 
approval of the Contracting Officer.

3.10.8.1   Smoothness Requirements

     a.  Straightedge Testing:  The finished surfaces of the pavements 
shall have no abrupt change of 6 mm (1/4 inch) or more, and all pavements 
shall be within the tolerances specified in Table 9 when checked with an 
approved 4 m (12 foot) straightedge.
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Table 9.  Straightedge Surface Smoothness--Pavements
  Pavement Category          Direction of Testing     Tolerance 
  -----------------          --------------------     -------------

   All                           Longitudinal         6 mm (1/4 inch)
   paved areas                   Transverse           6 mm (1/4 inch)

     b.  Profilograph Testing:  The finished surfaces of the pavements 
shall have no abrupt change of 3 mm (1/8 inch) or more, and all pavement 
shall have a Profile Index not greater than specified in Table 10 when 
tested with an approved California-type profilograph.  If the extent of the 
pavement in either direction is less than 60 m (200 feet), that direction 
shall be tested by the straightedge method and shall meet requirements 
specified above.

Table 10.  Profilograph Surface Smoothness--Pavements
   Pavement Category     Direction of Testing     Maximum Specified
                                                  Profile Index 
   -----------------     --------------------   ---------------------

   All Paved Areas       Longitudinal             140 mm/km (9"/mi)

3.10.8.2   Testing Method

After the final rolling, but not later than 24 hours after placement, the 
surface of the pavement in each entire lot shall be tested by the 
Contractor in such a manner as to reveal all surface irregularities 
exceeding the tolerances specified above.  Separate testing of individual 
sublots is not required.  If any pavement areas are ground, these areas 
shall be retested immediately after grinding.  The entire area of the 
pavement shall be tested in both a longitudinal and a transverse direction 
on parallel lines.  The transverse lines shall be 8 m (25 feet) or less 
apart, as directed.  The longitudinal lines shall be at the centerline of 
each paving lane for lines less than 6.1 m (20 feet) and at the third 
points for lanes 6.1 m (20 feet) or greater.  Other areas having obvious 
deviations shall also be tested.  Longitudinal testing lines shall be 
continuous across all joints.

     a.  Straightedge Testing.  The straightedge shall be held in contact 
with the surface and moved ahead one-half the length of the straightedge 
for each successive measurement.  The amount of surface irregularity shall 
be determined by placing the freestanding (unleveled) straightedge on the 
pavement surface and allowing it to rest upon the two highest spots covered 
by its length, and measuring the maximum gap between the straightedge and 
the pavement surface in the area between these two high points.

     b.  Profilograph Testing.  Profilograph testing shall be performed 
using approved equipment and procedures described in CDT Test 526.  The 
equipment shall utilize electronic recording and automatic computerized 
reduction of data to indicate "must-grind" bumps and the Profile Index for 
the pavement.  The "blanking band" shall be 5 mm (0.2 inches) wide and the 
"bump template" shall span 25 mm (1 inch) with an offset of 10 mm (0.4 
inch).  The profilograph shall be operated by an approved, factory-trained 
operator on the alignments specified above.  A copy of the reduced tapes 
shall be furnished the Government at the end of each day's testing.

3.10.8.3   Payment Adjustment for Smoothness
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     a.  Straightedge Testing.  Location and deviation from straightedge 
for all measurements shall be recorded.  When between 5.0 and 10.0 percent 
of all measurements made within a lot exceed the tolerance specified in 
paragraph Smoothness Requirements above, after any reduction of high spots 
or removal and replacement, the computed pay factor for that lot based on 
surface smoothness, will be 95 percent.  When more than 10.0 percent of all 
measurements exceed the tolerance, the computed pay factor will be 90 
percent.  When between 15.0 and 20.0 percent of all measurements exceed the 
tolerance, the computed pay factor will be 75 percent.  When 20.0 percent 
or more of the measurements exceed the tolerance, the lot shall be removed 
and replaced at no additional cost to the Government.  Regardless of the 
above, any small individual area with surface deviation which exceeds the 
tolerance given above by more than 50 percent, shall be corrected by 
diamond grinding to meet the specification requirements above or shall be 
removed and replaced at no additional cost to the Government.

     b.  Profilograph Testing.  Location and data from all profilograph 
measurements shall be recorded.  When the Profile Index of a lot exceeds 
the tolerance specified in paragraph Smoothness Requirements above by 16 
mm/km (1.0 inch/mile), but less than 32 mm/km (2.0 inches/mile), after any 
reduction of high spots or removal and replacement, the computed pay factor 
for that lot based on surface smoothness will be 95 percent.  When the 
Profile Index exceeds the tolerance by 32 mm/km (2.0 inches/mile), but less 
than 47 mm/km (3.0 inches/mile), the computed pay factor will be 90 
percent.  When the Profile Index exceeds the tolerance by 47 mm/km (3.0 
inches/mile), but less than 63 mm/km, (4.0 inches/mile), the computed pay 
factor will be 75 percent.  When the Profile Index exceeds the tolerance by 
63 mm/km (4.0 inches/mile) or more, the lot shall be removed and replaced 
at no additional cost to the Government.  Regardless of the above, any 
small individual area with surface deviation which exceeds the tolerance 
given above by more than 79 mm/km (5.0 inches/mile) or more, shall be 
corrected by grinding to meet the specification requirements above or shall 
be removed and replaced at no additional cost to the Government.

     c.  Bumps ("Must Grind" Areas).  Any bumps ("must grind" areas) shown 
on the profilograph trace which exceed 10 mm (0.4 inch) in height shall be 
reduced by diamond grinding until they do not exceed 7.5 mm (0.3 inch) when 
retested.  Such grinding shall be tapered in all directions to provide 
smooth transitions to areas not requiring grinding.  The following will not 
be permitted:  (1) skin patching for correcting low areas, (2) planing or 
milling for correcting high areas.  At the Contractor's option, pavement 
areas, including ground areas, may be rechecked with the profilograph in 
order to record a lower Profile Index.

     -- End of Section --
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SECTION 02748

BITUMINOUS TACK AND PRIME COATS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 82 (1975) Cut-Back Asphalt (Medium-Curing 
Type)

AASHTO T 40 (1978; R 1983) Sampling Bituminous 
Materials

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 140 (1998) Sampling Bituminous Materials

ASTM D 2995 (1993) Determining Application Rate of 
Bituminous Distributors

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-06 Test Reports

Sampling and Testing
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  Copies of all test results for bituminous materials, within 24 
hours of completion of tests.  Certified copies of the 
manufacturer's test reports indicating compliance with applicable 
specified requirements, not less than 30 days before the material 
is required in the work.

SD-07 Certificates

Prime Coat

  Submit certicate of compliance accompanied by test data, 
according to AASHTO M 82 for each lot or batch.

1.3   PLANT, EQUIPMENT, MACHINES AND TOOLS

1.3.1   General Requirements

Plant, equipment, machines and tools used in the work shall be subject to 
approval and shall be maintained in a satisfactory working condition at all 
times.

1.3.2   Bituminous Distributor

The distributor shall have pneumatic tires of such size and number to 
prevent rutting, shoving or otherwise damaging the base surface or other 
layers in the pavement structure.  The distributor shall be designed and 
equipped to spray the bituminous material in a uniform coverage at the 
specified temperature, at readily determined and controlled rates with an 
allowable variation from the specified rate of not more than plus or minus 
5 percent, and at variable widths.  Distributor equipment shall include a 
separate power unit for the bitumen pump, full-circulation spray bars, 
tachometer, pressure gauges, volume-measuring devices, adequate heaters for 
heating of materials to the proper application temperature, a thermometer 
for reading the temperature of tank contents, and a hand hose attachment 
suitable for applying bituminous material manually to areas inaccessible to 
the distributor.  The distributor shall be equipped to circulate and 
agitate the bituminous material during the heating process.

1.3.3   Power Brooms and Power Blowers

Power brooms and power blowers shall be suitable for cleaning the surfaces 
to which the bituminous coat is to be applied.

1.4   WEATHER LIMITATIONS

Bituminous coat shall be applied only when the surface to receive the 
bituminous coat is dry.

PART 2   PRODUCTS

2.1   MATERIALS

Comply with the HIDT HSSRBPWC for the following:

2.1.1   Tack Coat

Emulsified Asphalt (Type SS-2, SS-2h, CSS-2 or CSS-2h); Section 702.04.
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2.1.2   Water

Section 712.01.

2.1.3   Emulsion

Dilute emulsified asphalt with water at rate of one part emulsified asphalt 
to one part water by volume.

2.1.4   Prime Coat

Liquid Asphalt (Grade MC-30 or MC-70); Section 702.03.

2.1.5   Blotter

Section 703.14.

PART 3   EXECUTION

3.1   PREPARATION OF SURFACE

Immediately before applying the bituminous coat, all loose material, dirt, 
clay, or other objectionable material shall be removed from the surface to 
be treated.  The surface shall be dry and clean at the time of treatment.

3.2   APPLICATION RATE

The exact quantities within the range specified, which may be varied to 
suit field conditions, will be determined by the Contracting Officer.

3.2.1   Tack Coat

Bituminous material for the tack coat shall be applied in quantities of not 
less than 0.20 liter (0.05 gallon) nor more than 0.70 liter per square meter
 (0.15 gallon per square yard) of pavement surface.

3.2.2   Prime Coat

Apply prime coat with pressure distributor in uniform, continuous spread 
rate of 1.6 liters per square meters (0.35 gallon per square yard).

3.3   APPLICATION TEMPERATURE

3.3.1   Viscosity Relationship

Asphalt application temperature shall provide an application viscosity 
between 10 and 60 seconds, Saybolt Furol, or between 20 and 120 square 
mm/sec (20 and 120 centistokes), kinematic.  The temperature viscosity 
relation shall be furnished to the Contracting Officer.

3.3.2   Temperature Ranges

The viscosity requirements shall determine the application temperature to 
be used.  The following is a normal range of application temperatures:

Liquid Asphalts
                            -------------------
                   MC-30               29-87 degrees C (84 - 207 degrees F)
                   RC-70               50-90 degrees C* (122 - 194 degrees F)
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Emulsions

                               -------------
                   SS-2                 20-70 degrees C (68 - 150 degrees F)
                   SS-2h                20-70 degrees C (68 - 150 degrees F)
                   CSS-2                20-70 degrees C (68 - 150 degrees F)
                   CSS-2h               20-70 degrees C (68 - 150 degrees F)

*These temperature ranges exceed the flash point of the material and care 
should be taken in their heating.

3.4   APPLICATION

Following preparation and subsequent inspection of the surface, the 
bituminous coat shall be applied at the specified rate with uniform 
distribution over the surface to be treated.  All areas and spots missed by 
the distributor shall be properly treated with the hand spray.  Until the 
succeeding layer of pavement is placed, the surface shall be maintained by 
protecting the surface against damage and by repairing deficient areas at 
no additional cost to the Government.  If required, clean dry sand shall be 
spread to effectively blot up any excess bituminous material.  No smoking, 
fires, or flames other than those from the heaters that are a part of the 
equipment shall be permitted within 8 meters (25 feet) of heating, 
distributing, and transferring operations of bituminous material other than 
bituminous emulsions.  To obtain uniform application of the prime coat on 
the surface treated at the junction of previous and subsequent 
applications, building paper shall be spread on the surface for a 
sufficient distance back from the ends of each application to start and 
stop the prime coat on the paper.  Immediately after application, the 
building paper shall be removed and destroyed.

3.4.1   Tack Coat

Apply tack coat to bituminous surfaces and concrete curb surfaces to be 
overlayed by subsequent bituminous course.  Do not exceed 4 hours between 
application of tack coat and subsequent paving.  For multiple lift 
construction, the Contracting Officer may waive application of tack coat 
when upper lift is place within 12 hours of the lower lift.

3.5   CURING PERIOD

Following application of the bituminous material and prior to application 
of the succeeding layer of pavement, the bituminous coat shall be allowed 
to cure and to obtain evaporation of any volatiles or moisture.  Prime coat 
shall be allowed to cure without being disturbed for a period of at least 
24 hours or longer, as may be necessary to attain penetration into the 
treated course.  Apply blotter material over primed surface when traffic 
must be routed on primed surface before prime coat has cured or to minimize 
damage due to rain.  Remove loose blotter material from primed surface by 
sweeping before placing next course.

3.6   FIELD QUALITY CONTROL

Samples of the bituminous material used shall be obtained by the Contractor 
as directed, under the supervision of the Contracting Officer.  The sample 
may be retained and tested by the Government at no cost to the Contractor.

3.7   SAMPLING AND TESTING
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Sampling and testing shall be performed by an approved commercial testing 
laboratory or by facilities furnished by the Contractor.  No work requiring 
testing will be permitted until the facilities have been inspected and 
approved.

3.7.1   Sampling

The samples of bituminous material, unless otherwise specified, shall be in 
accordance with ASTM D 140 or AASHTO T 40.  Sources from which bituminous 
materials are to be obtained shall be selected and notification furnished 
the Contracting Officer within 15 days after the award of the contract.

3.7.2   Calibration Test

The Contractor shall furnish all equipment, materials, and labor necessary 
to calibrate the bituminous distributor.  Calibration shall be made with 
the approved job material and prior to applying the bituminous coat 
material to the prepared surface.  Calibration of the bituminous 
distributor shall be in accordance with ASTM D 2995.

3.7.3   Trial Applications

Before providing the complete bituminous coat, three lengths of at least 30 
meters (100 feet) for the full width of the distributor bar shall be 
applied to evaluate the amount of bituminous material that can be 
satisfactorily applied.

3.7.3.1   Tack Coat Trial Application Rate

Unless otherwise authorized, the trial application rate of bituminous tack 
coat materials shall be applied in the amount of 0.20 liters per square 
meter (0.05 gallons per square yard).  Other trial applications shall be 
made using various amounts of material as may be deemed necessary.

3.7.3.2   Prime Coat Trial Application Rate

Unless otherwise authorized, the trial application rate of bituminous 
materials shall be applied in the amount of 1.10 liters per square meter 
(0.25 gallon per square yard).  Other trial applications shall be made 
using various amounts of material as may be deemed necessary.

3.7.4   Sampling and Testing During Construction

Quality control sampling and testing shall be performed as required in 
paragraph FIELD QUALITY CONTROL.

    -- End of Section --
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SECTION 02764

PAVEMENT MARKINGS, MARKERS AND SIGNS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Equipment

  Lists of proposed equipment, including descriptive data, and 
notifications of proposed Contractor actions as specified in this 
section.  List of removal equipment shall include descriptive data 
indicating area of coverage per pass, pressure adjustment range, 
tank and flow capacities, and safety precautions required for the 
equipment operation.

Qualifications

SD-06 Test Reports

Sampling and Testing

  Certified copies of the test reports, prior to the use of the 
materials at the jobsite.  Testing shall be performed in an 
approved independent laboratory.
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SD-07 Certificates

Volatile Organic Compound (VOC)

  Certificate stating that the proposed pavement marking paint 
meets the VOC regulations of the local Air Pollution Control 
District having jurisdiction over the geographical area in which 
the project is located.

Traffic Control Guide Signs

Certificates of compliances to material specifications.

1.2.1   Qualifications

Document certifying that personnel are qualified for equipment operation 
and handling of chemicals.

1.3   DELIVERY AND STORAGE

All materials shall be delivered and stored in sealed containers that 
plainly show the designated name, formula or specification number, batch 
number, color, date of manufacture, manufacturer's name, and directions, 
all of which shall be plainly legible at time of use.

1.4   EQUIPMENT

All machines, tools and equipment used in the performance of the work shall 
be approved and maintained in satisfactory operating condition.  Equipment 
operating on roads and runways shall display low speed traffic markings and 
traffic warning lights.

1.4.1   Paint Application Equipment

The equipment to apply paint to pavements shall be a self-propelled or 
mobile-drawn pneumatic spraying machine with suitable arrangements of 
atomizing nozzles and controls to obtain the specified results.  The 
machine shall have a speed during application not less than 8 kilometers 
per hour (5 mph), and shall be capable of applying the stripe widths 
indicated, at the paint coverage rate specified in paragraph APPLICATION, 
and of even uniform thickness with clear-cut edges.  Equipment used for 
marking streets and highways shall be capable of placing the prescribed 
number of lines at a single pass as solid lines, intermittent lines or a 
combination of solid and intermittent lines using a maximum of two 
different colors of paint as specified.  The paint applicator shall have 
paint reservoirs or tanks of sufficient capacity and suitable gauges to 
apply paint in accordance with requirements specified.  Tanks shall be 
equipped with suitable air-driven mechanical agitators.  The spray 
mechanism shall be equipped with quick-action valves conveniently located, 
and shall include necessary pressure regulators and gauges in full view and 
reach of the operator.  Paint strainers shall be installed in paint supply 
lines to ensure freedom from residue and foreign matter that may cause 
malfunction of the spray guns.  The paint applicator shall be readily 
adaptable for attachment of an air-actuated dispenser for the reflective 
media approved for use.  Pneumatic spray guns shall be provided for hand 
application of paint in areas where the mobile paint applicator cannot be 
used.
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1.4.2   Preformed Tape Application Equipment

Mechanical application equipment shall be used for the placement of 
preformed marking tape.  Mechanical application equipment shall be defined 
as a mobile pavement marking machine specifically designed for use in 
applying precoated, pressure-sensitive pavement marking tape of varying 
widths, up to 300 mm (12 inches).  The applicator shall be equipped with 
rollers, or other suitable compactive device, to provide initial adhesion 
of the preformed, pressure-sensitive marking tape with the pavement 
surface.  Additional hand-operated rollers shall be used as required to 
properly seat the thermoplastic tape.

1.4.3   Thermoplastic Extrusion Application Equipment

The equipment as specified in HIDT HSSRBPWC, Section 629.03(C)(3)(a), which 
apply material to pavement by extrusion method, shall be continuous mixing 
and agitation of material.

1.4.4   Surface Preparation Equipment

1.4.4.1   Sandblasting Equipment

Sandblasting equipment shall include an air compressor, hoses, and nozzles 
of proper size and capacity as required for cleaning surfaces to be 
painted.  The compressor shall be capable of furnishing not less than 70.8 
liters per sec (150 cfm) of air at a pressure of not less than 620 kPa (90 
psi) at each nozzle used, and shall be equipped with traps that will 
maintain the compressed air free of oil and water.

1.4.4.2   Waterblast Equipment

The water pressure shall be specified at 17.9 MPa (2600 psi) at 60 degrees 
C (140 degrees F) in order to adequately clean the surfaces to be marked.

1.4.5   Marking Removal Equipment

Equipment shall be mounted on rubber tires and shall be capable of removing 
markings from the pavement without damaging the pavement surface or joint 
sealant.  Waterblasting equipment shall be capable of producing an 
adjustable, pressurized stream of water.  Sandblasting equipment shall 
include an air compressor, hoses, and nozzles.  The compressor shall be 
equipped with traps to maintain the air free of oil and water.

1.4.5.1   Shotblasting Equipment

Shotblasting equipment shall be capable of producing an adjustable depth of 
removal of marking and pavement.  Each unit shall be self-cleaning and 
self-contained, shall be able to confine dust and debris from the 
operation, and shall be capable of recycling the abrasive for reuse.

1.4.5.2   Chemical Equipment

Chemical equipment shall be capable of application and removal of chemicals 
from the pavement surface, and shall leave only non-toxic biodegradeable 
residue.

1.4.6   Traffic Controls

Suitable warning signs shall be placed near the beginning of the worksite 
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and well ahead of the worksite for alerting approaching traffic from both 
directions.  Small markers shall be placed along newly painted lines or 
freshly placed raised markers to control traffic and prevent damage to 
newly painted surfaces or displacement of raised pavement markers.  
Painting equipment shall be marked with large warning signs indicating 
slow-moving painting equipment in operation.

1.5   HAND-OPERATED, PUSH-TYPE MACHINES

All machines, tools, and equipment used in performance of the work shall be 
approved and maintained in satisfactory operating condition.  Hand-operated 
push-type machines of a type commonly used for application of paint to 
pavement surfaces will be acceptable for marking small streets and parking 
areas.  Applicator machine shall be equipped with the necessary paint tanks 
and spraying nozzles, and shall be capable of applying paint uniformly at 
coverage specified.  Sandblasting equipment shall be provided as required 
for cleaning surfaces to be painted.  Hand-operated spray guns shall be 
provided for use in areas where push-type machines cannot be used.

1.6   MAINTENANCE OF TRAFFIC

1.6.1   Roads, Streets, and Parking Areas

When traffic must be rerouted or controlled to accomplish the work, the 
necessary warning signs, flagpersons, and related equipment for the safe 
passage of vehicles shall be provided.

1.7   WEATHER LIMITATIONS FOR REMOVAL

Operation shall cease during thunderstorms.  Operation shall cease during 
rainfall, except for waterblasting and removal of previously applied 
chemicals.  Waterblasting shall cease where surface water accumulation 
alters the effectiveness of material removal.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Pavement Markings

Comply with the HIDT HSSRBPWC, Section 629 for the following:

White and Yellow Paints......................Section 755.01.

Pavement Markers.............................Section 755.02.

Adhesive for Pavement Markers................Section 755.03.

Preformed Pavement Marking Tape*.............Section 755.04.
*Ensure that preformed pavement marking tape does not contain
metalic foil.

Reflective Thermoplastic Compound Pavement...Section 755.05.
Markings

2.1.2   Traffic Control Guide Signs

Comply with the HIDT HSSRBPWC, Section 630 for the following:
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Structural Concrete..........................Section 601.

Signs........................................Section 750.01.

Sign Posts...................................Section 750.02.

Fasteners for Signs and Route Markers........Section 750.03.

2.2   THERMOPLASTIC COMPOUNDS

2.2.1   Asphalt Concrete Primer

The primer for asphalt concrete pavements shall be a thermosetting adhesive 
with a solids content of pigment reinforced synthetic rubber and synthetic 
plastic resin dissolved and/or dispersed in a volatile organic compound 
(VOC).  Solids content shall not be less than 10 percent by weight at 20 
degrees C and 60 percent relative humidity.  A wet film thickness of 0.10 mm
 plus or minus 0.025 mm, shall dry to a tack-free condition in less than 5 
minutes.

2.3   SAMPLING AND TESTING

Materials proposed for use shall be stored on the project site in sealed 
and labeled containers, or segregated at source of supply, sufficiently in 
advance of needs to allow 60 days for testing.  Upon notification by the 
Contractor that the material is at the site or source of supply, a sample 
shall be taken by random selection from sealed containers by the Contractor 
in the presence of a representative of the Contracting Officer.  Samples 
shall be clearly identified by designated name, specification number, batch 
number, manufacturer's formulation number, project contract number, 
intended use, and quantity involved.  Materials will be sampled and tested 
by the Government.  No material shall be used at the project prior to 
receipt by the Contractor of written notice that the materials meet the 
laboratory requirements.  The cost of initial testing of samples from each 
lot of materials will be borne by the Government.  If the sample fails to 
meet specification requirements, the material represented by the sample 
shall be replaced and the new material will be tested.  Cost of sampling 
and testing the new material will be borne by the Contractor.  Testing 
shall be performed in an approved independent laboratory.  If materials are 
approved based on reports furnished by the Contractor, samples will be 
retained by the Government for possible future testing should the material 
appear defective during or after application.

PART 3   EXECUTION

3.1   SURFACE PREPARATION

Surfaces to be marked shall be thoroughly cleaned before application of the 
pavement marking material.  Dust, dirt, and other granular surface deposits 
shall be removed by sweeping, blowing with compressed air, rinsing with 
water or a combination of these methods as required.  Rubber deposits, 
surface laitance, existing paint markings, and other coatings adhering to 
the pavement shall be completely removed with scrapers, wire brushes, 
sandblasting, approved chemicals, or mechanical abrasion as directed.  
Areas of old pavement affected with oil or grease shall be scrubbed with 
several applications of trisodium phosphate solution or other approved 
detergent or degreaser, and rinsed thoroughly after each application.  
After cleaning, oil-soaked areas shall be sealed with cut shellac to 
prevent bleeding through the new paint.  Pavement surfaces shall be allowed 
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to dry, when water is used for cleaning, prior to striping or marking.  
Surfaces shall be recleaned, when work has been stopped due to rain.

3.1.1   Cleaning Existing Pavement Markings

In general, markings shall not be placed over existing pavement marking 
patterns.  Existing pavement markings, which are in good condition but 
interfere or conflict with the newly applied marking patterns, shall be 
removed.  Deteriorated or obscured markings that are not misleading or 
confusing or interfere with the adhesion of the new marking material do not 
require removal.  New preformed pavement markings shall not be applied over 
existing preformed markings.  Whenever grinding, scraping, sandblasting or 
other operations are performed the work must be conducted in such a manner 
that the finished pavement surface is not damaged or left in a pattern that 
is misleading or confusing.  When these operations are completed the 
pavement surface shall be blown off with compressed air to remove residue 
and debris resulting from the cleaning work.

3.2   APPLICATION

All pavement markings and patterns shall be placed as shown on the 
drawings.  All roadway striping and pavement arrows shall be thermoplastic 
extrusion material.  The Kunia Gate lot and visitor/vehicle search lot at 
the gate shall be thermoplastic extrusion materials.  All other existing 
lots shall be painted.

3.2.1   Paint

Paint shall be applied to clean, dry surfaces.  New asphalt pavement 
surfaces and new Portland concrete cement shall be allowed to cure for a 
period of not less than 30 days before applications of paint.  Paint shall 
be applied pneumatically with approved equipment at rate of coverage 
specified .  The Contractor shall provide guide lines and templates as 
necessary to control paint application.  Special precautions shall be taken 
in marking numbers, letters, and symbols.  Edges of markings shall be 
sharply outlined.

3.2.1.1   Rate of Application

Paint shall be applied through spray machine without clogging at spreading 
rate in accordance with HIDT HSSRBPWC, 629.03(C)(2).

3.2.1.2   Drying

The maximum drying time requirements of the paint specifications will be 
strictly enforced to prevent undue softening of bitumen, and pickup, 
displacement, or discoloration by tires of traffic.  If there is a delay in 
drying of the markings, painting operations shall be discontinued until 
cause of the slow drying is determined and corrected.

3.2.2   Preformed Tape

The preformed markings shall be placed in accordance with the 
manufacturer's written instructions.

3.2.3   Raised Reflective Markers

Prefabricated markers shall be aligned carefully at the required spacing 
and permanently fixed in place by means of epoxy resin adhesives.  To 
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insure good bond, pavement in areas where markers will be set shall be 
thoroughly cleaned by sandblasting and use of compressed air prior to 
applying adhesive.

3.2.4   Thermoplastic Extrusion Pavement Marking

Clean off dirt, blaze, paint, tape, and grease.  Do not apply thermoplastic 
extrusion pavement marking when pavement surface is not dry.  Apply 
material in variable widths from 50 mm (2") to 300 mm (12").  Apply 
material for full width of stripe in one application or pass.  For example, 
form 200 mm (8") stripe with 200 mm (8") die.  Apply thermoplastic 
extrusion pavement markings in accordance with HIDT HSSRBPWC, Section 
629.03(C)(3)(b).

3.3   MARKING REMOVAL

Pavement marking, including plastic tape, shall be removed in the areas 
shown on the drawings.  Removal of marking shall be as complete as possible 
without damage to the surface.  Aggregate shall not be exposed by the 
removal process.  After the markings are removed, the cleaned pavement 
surfaces shall exhibit adequate texture for remarking as specified in 
paragraph SURFACE PREPARATION.  Contractor shall demonstrate removal of 
pavement marking in an area designated by the Contracting Officer.  The 
demonstration area will become the standard for the remainder of the work.

3.3.1   Equipment Operation

Equipment shall be controlled and operated to remove markings from the 
pavement surface, prevent dilution or removal of binder from underlying 
pavement, and prevent emission of blue smoke from asphalt or tar surfaces.

3.3.2   Cleanup and Waste Disposal

The worksite shall be kept clean of debris and waste from the removal 
operations.  Cleanup shall immediately follow removal operations in areas 
subject to air traffic.  Debris shall be disposed of at approved sites.

3.4   TEMPORARY PAVEMENT MARKINGS

Immediately install temporary pavement markings according to Section 626, 
Table 629.03-1 when:

a.  Permanent pavement marking are not installed after completion of day's 
final paving;

b.  Additional guidance through area is required; or

c.  Markings for special traffic patterns are warranted.

3.4.1   Flexible Delineator Posts

Install flexible delineator posts with reflector markers or Type I, 
Barricades, spaced 24-meter (80') intervals or temporary solid 100 mm (4") 
pavement marking tapes on edge of travelway for newly paved surfaces, 
scarified, or cold planed surfaces, reconstructed areas, and unmarked areas 
for guidance of motorists.

3.4.2   Maintenance of Temporay Pavement Markings
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Maintain and replace temporary pavement markings, flexible delineators and 
barricades as directed by the Contracting Officer.  Remove temporary 
markings before installing permaent pavement markings.  Cover or 
temporarily remove signs that conflict with temporary pavement markings.

3.5   SIGN POST SETTING

Set posts plumb.  Provide concrete base of dimensions indicated.  
Thoroughly compact concrete to be free of voids and finish in a dome.  
Thoroughly work grout into the hole so as to be free of voids and finish in 
a dome.  Cure concrete and grout a minimum of 3 days before any further 
work is done on posts.

    -- End of Section --
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SECTION 02811

UNDERGROUND SPRINKLER SYSTEMS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 32 (1996) Solder Metal

ASTM B 43 (1998) Seamless Red Brass Pipe, Standard 
Sizes

ASTM B 88 (1996) Seamless Copper Water Tube

ASTM B 88M (1996) Seamless Copper Water Tube (Metric)

ASTM D 1785 (1999) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120

ASTM D 2241 (1996b) Poly(Vinyl Chloride) (PVC) 
Pressure-Rated Pipe (SDR Series)

ASTM D 2464 (1999) Threaded Poly(Vinyl Chloride) (PVC) 
Plastic Pipe Fittings, Schedule 80

ASTM D 2466 (1999) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 40

ASTM D 2564 (1996a) Solvent Cements for Poly(Vinyl 
Chloride) (PVC) Plastic Piping Systems

ASTM D 2774 (1994) Underground Installation of 
Thermoplastic Pressure Piping

ASTM D 2855 (1996) Making Solvent-Cemented Joints with 
Poly(Vinyl Chloride) (PVC) Pipe and 
Fittings

ASTM D 3261 (1997) Butt Heat Fusion Polyethylene (PE) 
Plastic Fittings for Polyethylene (PE) 
Plastic Pipe and Tubing

ASTM F 441/F 441M (1999) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe, Schedules 40 and 80

ASME INTERNATIONAL (ASME)
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ASME B1.2 (1983; R 1991; Errata May 1992) Gages and 
Gaging for Unified Inch Screw Threads

ASME B16.15 (1985; R 1994) Cast Bronze Threaded 
Fittings Classes 125 and 250

ASME B16.18 (1984; R 1994) Cast Copper Alloy Solder 
Joint Pressure Fittings

ASME B16.22 (1995; B16.22a 1998) Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B40.1 (1991) Gauges - Pressure Indicating Dial 
Type - Elastic Element

AMERICAN SOCIETY OF SANITARY ENGINEERING FOR PLUMBING AND SANITARY 
RESEARCH (ASSE)

ASSE 1012 (1995) Backflow Preventers with 
Intermediate Atmospheric Vent

ASSE 1013 (1993) Reduced Pressure Principle Backflow 
Preventers

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C509 (1994; Addendum 1995) Resilient-Seated 
Gate Valves for Water Supply Service

AWWA C901 (1996) Polyethylene (PE) Pressure Pipe and 
Tubing, 1/2 In. Through 3 In., for Water 
Service

COMMERCIAL ITEM DESCRIPTIONS (CID)

CID A-A-51145 (Rev C) Flux, Soldering, Non-Electronic, 
Paste & Liquid

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR-01 (1993) Manual of Cross-Connection Control

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 2 (1993) Industrial Control and Systems, 
Controllers, Contactors, and Overload 
Relays Rated Not More Than 2,000 Volts AC 
or 750 Volts DC

NEMA ICS 6 (1993) Industrial Control and Systems, 
Enclosures
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

PLUMBING AND DRAINAGE INSTITUTE (PDI)

PDI WH 201 (1992) Water Hammer Arresters

1.2   PERFORMANCE REQUIREMENTS

System shall operate with a minimum water pressure of 207 kPa (30 psi) at 
at the last head in each zone for spray heads, and 390 kPa (45 psi) for 
rotary heads.  Refer to plans for irrigation head pressur requirements.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Sprinkler System

Detail drawings for valves, sprinkler heads, backflow preventers, automatic 
controllers, and water hammer arresters.  Drawings shall include a complete 
list of equipment and materials, and manufacturer's descriptive and 
technical literature, performance charts and curves, catalog cuts, and 
installation instructions.  Drawings shall also contain complete wiring and 
schematic diagrams and any other details required to demonstrate that the 
system has been coordinated and will function as a unit.  Drawings shall 
show proposed system layout, type and number of heads and emitters, zone 
valves, drain pockets, backflow devices, controllers, and mounting details 
of controllers.  As-built Drawings which provide current factual 
information showing locations of mains, heads, valves, and controllers 
including deviations from and amendments to the drawings and changes in the 
work shall be included.

SD-03 Product Data

Framed Instructions.

Labels, signs, and templates of operating instructions that are required to 
be mounted or installed on or near the product for normal, safe operation.

Field Training.

Information describing training to be provided, training aids to be used, 
samples of training materials to be provided, and schedules and 
notification of training.

Sprinkler System.

Detailed procedures defining the Contractor's provisions for accident 
prevention, health protection, and other safety precautions for the work to 
be done.
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Spare Parts.

Spare parts data for each different item of material and equipment 
specified, after approval of the related submittals and not later than the 
start of the field tests.  The data shall include a complete list of parts 
and supplies, with current unit prices and source of supply.

Design Analysis and Calculations.

Design analyses and pressure calculations verifying that system will 
provide the irrigation requirements.

SD-06 Test Reports

Field Tests.

Performance test reports, in booklet form, showing all field tests 
performed to adjust each component; and all field tests performed to prove 
compliance with the specified performance criteria, upon completion and 
testing of the installed system.  Each test report shall indicate the final 
position of control valves.

SD-07 Certificates

Sprinkler System. 

The material supplier's or equipment manufacturer's statement that the 
supplied material or equipment meets specified requirements.  Each 
certificate shall be signed by an official authorized to certify in behalf 
of material supplier or product manufacturer and shall identify quantity 
and date or dates of shipment or delivery to which the certificates apply.

SD-10 Operation and Maintenance Data

Sprinkler System.

Six copies of operation and six copies of maintenance manuals for the 
equipment furnished.  One complete set prior to field testing and the 
remainder upon acceptance.  Manuals shall be approved prior to the field 
training course.  Operating manuals shall detail the step-by-step 
procedures required for system startup, operation, and shutdown.  Operating 
manuals shall include the manufacturer's name, model number, parts list, 
and brief description of all equipment and their basic operating features.  
Maintenance manuals shall list routine maintenance procedures, possible 
breakdowns and repairs, and troubleshooting guides.  Maintenance manuals 
shall include piping and equipment layout, simplified wiring and control 
diagrams of the system as installed, and system programming schedule.

1.4   DELIVERY AND STORAGE

All equipment delivered and placed in storage shall be protected from the 
weather; excessive humidity and temperature variation; direct sunlight (in 
the case of plastic or rubber materials); and dirt, dust, or other 
contaminants.

1.5   FIELD MEASUREMENTS

The Contractor shall verify all dimensions in the field and shall advise 
the Contracting Officer of any discrepancy before performing the work.
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PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT REQUIREMENTS

2.1.1   Standard Products

Materials and equipment shall be the standard products of a manufacturer 
who has produced similar systems which have performed well for a minimum 
period of 2 years prior to bid opening.  Equipment shall be supported by a 
service organization that is, in the opinion of the Contracting Officer, 
reasonably convenient to the site.

2.1.2   Nameplates

Each item of equipment shall have the manufacturer's name, address, type or 
style, model or serial number, and catalog number on a plate secured to the 
item of equipment.

2.1.3   Extra Stock

The following extra stock shall be provided:  Two sprinkler heads of each 
size and type, two valve keys for operating manual valves, two wrenches for 
removing and installing each type of head, two quick coupler keys and hose 
swivels, and four irrigation controller housing keys.

2.2   PIPING MATERIALS

2.2.1   Copper Tubing and Associated Fittings

Tubing shall conform to requirements of ASTM B 88M  ASTM B 88, Type K.  
Fittings shall conform to ASME B16.22 and ASME B16.18, solder joint.  
Solder shall conform to ASTM B 32 95-5 tin-antimony.  Flux shall conform to 
CID A-A-51145, Type I.

2.2.2   Red Brass Pipe and Associated Fittings

Pipe shall conform to requirements of ASTM B 43, regular.  Fittings shall 
be Class 250, cast bronze threaded conforming to the requirements of ASME 
B16.15.

2.2.3   Polyvinyl Chloride (PVC) Pipe, Fittings and Solvent Cement

2.2.3.1   PVC Pipe

Pipe shall conform to the requirements of ASTM D 1785, PVC 1120 Schedule 40 
80; or ASTM D 2241, PVC 1120 SDR 21, Class 200.

2.2.3.2   PVC Fittings

Solvent welded socket type fittings shall conform to requirements of ASTM D 
2466, Schedule 40.  Threaded type fittings shall conform to requirements of 
ASTM D 2464, Schedule 80.

2.2.3.3   Solvent Cement

Solvent cement shall conform to the requirements of ASTM D 2564.
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2.2.4   Polyethylene (PE) Plastic Piping

Pipe shall conform to AWWA C901, outside diameter base with dimension ratio 
(DR) of 9.3 to provide 1034 kPa (150 psi)   minimum pressure rating.  
Fittings shall conform to ASTM D 3261, DR of 9.3.

2.2.5   Dielectric Fittings

Dielectric fittings shall conform to ASTM F 441/F 441M, Schedule 80, CPVC 
threaded pipe nipples, 100 mm (4 inch)  minimum length.

2.3   SPRINKLER AND EMITTER HEADS

2.3.1   Pop-Up Spray Heads

2.3.1.1   General Requirements

Pop-up spray heads lay flush with housing, then pop up when water pressure 
is activated in system.  The rising member supporting the nozzle shall be 
identical on full, half, third or quarter pattern sprinklers so that 
nozzles will be interchangeable.  The sprinkler head shall be designed to 
be adjustable for coverage and flow.  The nozzle shall be removable so head 
does not have to be removed for flushing or cleaning.  Nozzle rises a 
minimum of 75 mm (3 inches)  above the body.  The body shall be constructed 
with a 13 mm (1/2 inch)  female thread for installation in a fixed 
underground pipe system.

2.3.1.2   Shrubbery Sprinkler Heads

Sprinkler heads shall be conical spray with adjustable or non-adjustable 
coverage and designed for permanent aboveground mounting on riser or 
pop-ups at a height compatible with ground covers.  Refer to plans for 
sprinkler specifications.

2.3.2   Rotary Pop-Up Sprinklers

Sprinklers shall be capable of covering 11 m (36 feet)  diameter at 3.90 
kPa (45 psi) with a distribution rate of 7.5 L/second (1.99 gpm), 75 mm (3 
inch) pop-up, trajectory of 25 degrees, and maximum height of spray of 3 m 
(11 feet) Construction shall be high impact molded plastic with filter 
screen, reducible watering radius, and choice of 8 nozzles and have 
adjustable radius capabilities. Refer to plans for sprinkler specifications.

2.3.3   Bubbler Sprinkler Heads

Heads shall be multiple-spray bubbler with adjustable flow and designed for 
permanent aboveground mounting on risers.  Refer to plans for sprinkler 
specifications.

2.4   VALVES

2.4.1   Gate Valves, Less than 80 mm (3 Inches).

Gate valves shall conform to the requirements of MSS SP-80, Type 1, Class 
150, threaded ends.

2.4.2   Gate Valves, 80 mm (3 Inches)  and Larger

Gate valves shall conform to the requirements of AWWA C509 and have 
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encapsulated resilient wedge, parallel seats, non-rising stems, and open by 
counterclockwise turning.  End connections shall be flanged.  Interior 
construction of valves shall be bronze including stem containing a maximum 
2 percent aluminum and maximum 16 percent zinc.

2.4.3   Quick Coupling Valves

Quick coupling valves shall have brass parts and shall be two-piece unit 
consisting of a coupler water seal valve assembly and a removable upper 
body to allow spring and key track to be serviced without shutdown of main. 
 Lids shall be lockable vinyl with spring for positive closure on key 
removal.

2.4.4   Remote Control Valves, Electrical

Remote control valves shall be solenoid actuated globe valves of 20 to 80 
mm (3/4 to 3 inch) size, suitable for 24 volts, 60 cycle, and designed to 
provide for shut-off in event of power failure.  Valve shall be cast bronze 
or brass or plastic housing suitable for service at 1034 kPa (150 psi)  
operating pressure with external flow control adjustment for shut-off 
capability, external plug at diaphragm chamber to enable manual operation, 
filter in control chamber to prevent valve body clogging with debris, 
durable diaphragm, and accessibility to internal parts without removing 
valve from system.

2.4.5   Backflow Preventers

Reduced pressure principle assemblies, double check valve assemblies, 
atmospheric (nonpressure) type vacuum breakers, and pressure type vacuum 
breakers shall be tested, approved, and listed in accordance with FCCCHR-01. 
 Backflow preventers with intermediate atmospheric vent shall be in 
accordance with ASSE 1012.  Reduced pressure principle backflow preventers 
shall be in accordance with ASSE 1013.

2.4.5.1   Reduced Pressure Type Backflow Preventers

Backflow preventers shall be Class 150  flanged, bronze mounted gate valve 
and strainer, 304 stainless steel or bronze, internal parts.  Total 
pressure drop through complete assembly shall be a maximum of 70 kPa (10 
psi)  at rated flow.  Piping shall be red brass pipe and fittings.  
Strainers shall be bronze or brass construction with gasket caps.  Units 
shall have 200-mesh stainless steel screen elements.

2.5   ACCESSORIES AND APPURTENANCES

2.5.1   Valve Keys for Manually Operated Valves

Valve keys shall be 15 mm (1/2 inch)  diameter by 1000 mm (39 inches)  
long, tee handles and keyed to fit valves.

2.5.2   Valve Boxes and Concrete Pads

2.5.2.1   Valve Boxes

Valve boxes shall be cast iron, plastic lockable, or precast concrete for 
each gate valve, manual control valve and remote control valve.  Box sizes 
shall be adjustable for valve used.  Word "IRRIGATION" shall be cast on 
cover.  Shaft diameter of box shall be minimum 130 mm (5-1/4 inches).  Cast 
iron box shall have bituminous coating.
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2.5.2.2   Concrete Pads

Concrete pads shall be precast or cast-in-place reinforced concrete 
construction for reduced pressure type backflow preventers.

2.5.3   Pressure Gauges

Pressure gauges shall conform to requirements of ASME B40.1, single style 
pressure gauge for water with 115 mm (4-1/2 inch) dial brass or aluminum 
case, bronze tube, gauge cock, pressure snubber, and siphon.  Scale range 
shall be suitable for irrigation sprinkler systems.

2.5.4   Service Clamps

Service clamps shall be bronze flat, double strap, with neoprene gasket or 
"O"-ring seal.

2.5.5   Water Hammer Arresters

Water hammer arrester shall conform to the requirements of PDI WH 201; 
stainless steel construction with an encased and sealed bellows compression 
chamber.

2.6   AUTOMATIC CONTROLLERS, ELECTRICAL

Controller shall conform to the requirements of NEMA ICS 2 with 120-volt 
single phase service, operating with indicated stations, and grounded 
chassis.  Enclosure shall conform to NEMA ICS 6 Type 3R, with locking 
hinged cover, wall-mounted.  Controller shall be programmed for various 
schedules by setting switches and dials equipped with the following 
features:  A switch for each day of week for two schedules, allowing each 
station to be scheduled individually as to days of watering; a minute 
switch for each station with a positive increment range of 3 to 60 minutes, 
set time within one percent; a switch allowing selected schedules to be 
repeated after each completion of initial watering schedule and allowing 
each operation to be scheduled throughout a 24-hour day; a circuit breaker 
for surge protection; and circuit for a 9-volt rechargeable NiCad battery.

2.7   ELECTRICAL WORK

Wiring and rigid conduit for electrical power shall be in accordance with 
NFPA 70, and Section 16375 ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

2.8   CONCRETE MATERIALS

Concrete shall have a compressive strength of 17 MPa (2500 psf) at 28 days 
as specified in Section 03307 CONCRETE FOR MINOR STRUCTURES.  

2.9   WATER SUPPLY MAIN MATERIALS

Tapping sleeves, service cut off valves, and connections to water supply 
mains shall be in accordance with Section 02510 WATER DISTRIBUTION SYSTEM.

2.10   INSULATING JOINTS

Insulating joints and dielectric fittings shall be in accordance with 
Section 02510 WATER DISTRIBUTION SYSTEM.
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PART 3   EXECUTION

3.1   INSTALLATION

Sprinkler system shall be installed after site grading has been completed.  
Excavation, trenching, and backfilling for sprinkler system shall be in 
accordance with the applicable provisions of Section 02316, EXCAVATION, 
TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS, except as modified herein.

3.1.1   Trenching

Trench around roots shall be hand excavated to pipe grade when roots of 50 
mm (2 inches) diameter or greater are encountered.  Trench width shall be 
100 mm (4 inches)  minimum or 1-1/2 times diameter of pipe, whichever is 
wider.  Backfill shall be hand tamped over excavation.  When rock is 
encountered, trench shall be excavated 100 mm (4 inches) deeper and 
backfilled with silty sand (SM) or well-graded sand (SW) to pipe grade.  
Trenches shall be kept free of obstructions and debris that would damage 
pipe.  Subsoil shall not be mixed with topsoil.  Existing concrete walks, 
drives and other obstacles shall be bored at a depth conforming to bottom 
of adjacent trenches.  Pipe sleeves for bored pipe shall be two pipe 
diameters larger than sprinkler pipe.

3.1.2   Piping System

3.1.2.1   Cover

Underground piping shall be installed to meet the minimum depth of backfill 
cover specified.

3.1.2.2   Clearances

Minimum horizontal clearances between lines shall be 100 mm (4 inches) for 
pipe 50 mm (2 inches)  and less; 300 mm (12 inches) for 65 mm (2-1/2 
inches)  and larger.  Minimum vertical clearances between lines shall be 25 
mm.(1 inch).

3.1.2.3   Minimum Slope

Minimum slope shall be 50 mm (2 inch) per 10 m (32 feet -6 inches in 
direction of drain valves.

3.1.3   Piping Installation

3.1.3.1   Polyvinyl Chloride (PVC) Pipe

     a.  Solvent-cemented joints shall conform to the requirements of ASTM 
D 2855.

     b.  Threaded joints shall be full cut with a maximum of three threads 
remaining exposed on pipe and nipples.  Threaded joints shall be made tight 
without recourse to wicks or fillers, other than polytetrafluoroethylene 
thread tape.

     c.  Piping shall be joined to conform with requirements of ASTM D 2774 
or ASTM D 2855, and pipe manufacturer's instructions.  Pipe shall be 
installed in a serpentine (snaked) manner to allow for expansion and 
contraction in trench before backfilling.  Pipes shall be installed at 
temperatures over 5 degrees C.(40 degrees F).
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3.1.3.2   Soldered Copper Tubing

Pipe shall be reamed and burrs removed.  Contact surfaces of joint shall be 
cleaned and polished.  Flux shall be applied to male and female ends.  End 
of tube shall be inserted into fittings full depth of socket.  After 
soldering, a solder bead shall show continuously around entire joint 
circumference.  Excess acid flux shall be removed from tubings and fittings.

3.1.3.3   Threaded Brass Pipe

Prior to installation, pipe shall be reamed.  Threads shall be cut in 
conformance with ASME B1.2.  Pipe joint compound shall be applied to male 
end only.

3.1.3.4   Insulating Joints

Insulating and dielectric fittings shall be provided where pipes of 
dissimilar metal are joined and at connections to water supply mains as 
shown.  Installation shall be in accordance with Section 02510 WATER 
DISTRIBUTION SYSTEM.

3.1.4   Installation of Valves

3.1.4.1   Manual Valves

Valves shall be installed in a valve box extending from grade to below 
valve body, with a minimum of 100 mm (4 inches)cover measured from finish 
grade to top of valve stem.

3.1.4.2   Automatic Valves

Valve shall be set plumb in a valve box extending from grade to below valve 
body, with minimum of 100 mm  (4 inches) cover measured from grade to top 
of valve.  Automatic valves shall be installed beside sprinkler heads with 
a valve box.

3.1.4.3   Drain Valves

Entire system shall be manually or automatically drainable.  Low points of 
system shall be equipped with drain valve draining into an excavation 
containing 0.03 cubic meter  (1 cubic) foot gravel.  Gravel shall be 
covered with building paper then backfilled with excavated material and 150 
mm  (6 inches) of topsoil.

3.1.5   Sprinklers and Quick Coupling Valves

Sprinklers and valves shall be installed plumb and level with terrain.

3.1.6   Installation of Drip Irrigation System

3.1.7   Backflow Preventers

Backflow preventer shall be installed in new connection to existing water 
distribution system, between connection and control valves.  Backflow 
preventer shall be installed with concrete pads.

3.1.7.1   Reduced Pressure Type
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Pipe lines shall be flushed prior to installing reduced pressure device; 
device shall be protected by a strainer located upstream.  Device shall not 
be installed in pits or where any part of device could become submerged in 
standing water.

3.1.8   Control Wire and Conduit

3.1.8.1   Wires

Low voltage wires may be buried beside pipe in same trench.  Rigid conduit 
shall be provided where wires run under paving.  Wires shall be number 
tagged at key locations along main to facilitate service.  One control 
circuit shall be provided for each zone and a circuit to control sprinkler 
system.

3.1.8.2   Loops

A 300 mm (12 inch) loop of wire shall be provided at each valve where 
controls are connected.

3.1.8.3   Expansion and Contraction

Multiple wires shall be bundled and taped together at 6 m (20) foot 
intervals with 300 mm (12 inch) loop for expansion and contraction.

3.1.8.4   Splices

Electrical splices shall be waterproof.

3.1.9   Automatic Controller

Exact field location of controllers shall be determined before 
installation.  Coordinate the electrical service to these locations.  
Install in accordance with manufacturer's recommendations and NFPA 70.

3.1.10   Thrust Blocks

Concrete shall be placed so that sides subject to thrust or load are 
against undisturbed earth, and valves and fittings are serviceable after 
concrete has set.  Thrust blocks shall be as specified in Section 02510 
WATER DISTRIBUTION SYSTEM.

3.1.11   Backfill

3.1.11.1   Minimum Cover

Depth of cover shall be as shown on the plans. Remainder of trench or pipe 
cover shall be filled to within 150 mm (6 inches) of top with excavated 
soil, and compact soil with plate hand-held compactors to same density as 
undisturbed adjacent soil.

3.1.11.2   Restoration

Top 150 mm (6 inches) shall be filled with topsoil and compacted with same 
density as surrounding soil.  Lawns and plants shall be restored in 
accordance with Sections 02921 SEEDING, and Section 02930 EXTERIOR 
PLANTING.  

3.1.12   Adjustment
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After grading, seeding, and rolling of planted areas, sprinkler heads shall 
be adjusted flush with finished grade.  Adjustments shall be made by 
providing new nipples of proper length or by use of heads having an 
approved device, integral with head, which will permit adjustment in height 
of head without changing piping.

3.1.13   Disinfection

Sprinkler system fed from a potable water system shall be disinfected 
upstream of backflow preventer in accordance with Section 02510 WATER 
DISTRIBUTION SYSTEM.

3.1.14   Cleaning of Piping

Prior to the hydrostatic and operation tests, the interior of the pipe 
shall be flushed with clean water until pipe is free of all foreign 
materials.  Flushing and cleaning out of system pipe, valves, and 
components shall not be considered completed until witnessed and accepted 
by Contracting Officer.

3.2   FIELD TESTS

All instruments, equipment, facilities, and labor required to conduct the 
tests shall be provided by Contractor.

3.2.1   Hydrostatic Pressure Test

Piping shall be tested hydrostatically before backfilling and proved tight 
at a hydrostatic pressure of 1034 kPa (150 psi)  without pumping for a 
period of one hour with an allowable pressure drop of 35 kPa (5 psi).  If 
hydrostatic pressure cannot be held for a minimum of 4 hours, Contractor 
shall make adjustments or replacements and the tests repeated until 
satisfactory results are achieved and accepted by the Contracting Officer.

3.2.2   Leakage Tests

Leakage tests for service main shall be in accordance with Section 02510 
WATER DISTRIBUTION SYSTEM.

3.2.3   Operation Test

At conclusion of pressure test, sprinkler heads quick coupling assemblies, 
and hose valves shall be installed and entire system tested for operation 
under normal operating pressure.  Operation test consists of the system 
operating through at least one complete programmed cycle for all areas to 
be sprinkled.

3.3   FRAMED INSTRUCTIONS

Framed instructions containing wiring and control diagrams under glass or 
in laminated plastic shall be posted where directed.  Condensed operating 
instructions, prepared in typed form, shall be framed as specified above 
and posted beside the diagrams.  The framed instructions shall be posted 
before acceptance testing of the system.  After as-built drawings are 
approved by Contracting Officer, controller charts and programming schedule 
shall be prepared.  One chart for each controller shall be supplied.  Chart 
shall be a reduced drawing of actual as-built system that will fit the 
maximum dimensions inside controller housing.  Black line print for chart 
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and a different pastel or transparent color shall indicate each station 
area of coverage.  After chart is completed and approved for final 
acceptance, chart shall be sealed between two 0.505 mm (20 mil)  pieces of 
clear plastic.

3.4   FIELD TRAINING

A field training course shall be provided for designated operating and 
maintenance staff members.  Training shall be provided for a total period 
of 4 hours of normal working time and shall start after the system is 
functionally complete but prior to final acceptance tests.  Field training 
shall cover all of the items contained in the operating and maintenance 
manuals.

3.5   CLEANUP

Upon completion of installation of system, all debris and surplus materials 
resulting from the work shall be removed.

    -- End of Section --
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SECTION 02821

FENCING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 121 (1999) Zinc-Coated (Galvanized) Steel 
Barbed Wire

ASTM A 153/A 153M (1998) Zinc-Coated (Hot Dip) on Iron and 
Steel Hardware

ASTM A 392 (1996) Zinc-Coated Steel Chain-Link Fence 
Fabric

ASTM A 491 (1996) Aluminum-Coated Steel Chain-Link 
Fence Fabric

ASTM A 585 (1997) Aluminum-Coated Steel Barbed Wire

ASTM A 780 (1993; Rev A) Repair of Damaged and 
Uncoated Areas of Hot-Dip Galvanized 
Coating

ASTM A 824 (1995) Metallic-Coated Steel Marcelled 
Tension Wire for Use With Chain Link Fence

ASTM C 94/C 94M (2000) Ready-Mixed Concrete

ASTM F 626 (1996a) Fence Fittings

ASTM F 1043 (1999) Strength and Protective Coatings on 
Metal Industrial Chain-Link Fence Framework

ASTM F 1083 (1997) Pipe, Steel, Hot-Dipped Zinc-Coated 
(Galvanized) Welded, for Fence Structures 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-07 Certificates
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Chain Link Fence

  Statement, signed by an official authorized to certify on behalf 
of the manufacturer, attesting that the chain link fence and 
component materials meet the specified requirements.

PART 2   PRODUCTS

2.1   FENCE FABRIC

Fence fabric shall conform to the following:

2.1.1   Chain Link Fence Fabric

ASTM A 392, Class 2, zinc-coated steel wire with minimum coating weight of 
610 grams (2.0 ounces) of zinc per square meter (foot) of coated surface, 
or ASTM A 491, Type I, aluminum-coated steel wire.  Fabric shall be 
fabricated of 9 gauge wire woven in 50 mm (2 inch) mesh.  Fabric height 
shall be as shown.  Fabric shall be twisted and barbed on the top selvage 
and knuckled on the bottom selvage.

2.2   POSTS

2.2.1   Metal Posts for Chain Link Fence

ASTM F 1083, zinc-coated.  Group IA, with external coating Type A steel 
pipe.  Group IC steel pipe, zinc-coated with external coating Type A or 
Type B and Group II , formed steel sections, shall meet the strength and 
coating requirements of ASTM F 1043.  Sizes shall be as shown on the 
drawings.  Line posts and terminal (corner and pull) posts selected shall 
be of the same designation throughout the fence.

2.3   BRACES AND RAILS

ASTM F 1083, zinc-coated, Group IA, steel pipe, size NPS 1-1/4.  Group IC 
steel pipe, zinc-coated, shall meet the strength and coating requirements 
of ASTM F 1043.  Braces and rails shall be Group IA, steel pipe, size NPS 
1-1/4.

2.4   WIRE

2.4.1   Tension Wire

Tension wire shall be Type I or Type II, Class 2 coating, in accordance 
with ASTM A 824.

2.5   ACCESSORIES

ASTM F 626.  Ferrous accessories shall be zinc or aluminum coated.  Truss 
rods shall be furnished for each terminal post.  Truss rods shall be 
provided with turnbuckles or other equivalent provisions for adjustment.  
Barbed wire shall be 2 strand, 12-1/2 gauge wire, zinc-coated, Class 3 in 
accordance with ASTM A 121 or aluminum coated Type I in accordance with 
ASTM A 585.  Barbed wire shall be four-point barbed type steel wire.  
Barbed wire support arms shall be the single arm type and of the design 
required for the post furnished.  Tie wire for attaching fabric to rails, 
braces, and posts shall be 9 gauge steel wire and match the coating of the 
fence fabric.  Miscellaneous hardware coatings shall conform to ASTM A 
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153/A 153M unless modified.

2.6   CONCRETE

ASTM C 94/C 94M, using 19 mm (3/4 inch) maximum size aggregate, and having 
minimum compressive strength of 21 MPa (3000 psi) at 28 days.  Grout shall 
consist of one part portland cement to three parts clean, well-graded sand 
and the minimum amount of water to produce a workable mix.

PART 3   EXECUTION

3.1   INSTALLATION

Fence shall be installed to the lines and grades indicated.  The area on 
either side of the fence line shall be cleared to the extent indicated.  
Line posts shall be spaced equidistant at intervals not exceeding 3 m (10 
feet).  Terminal (corner and pull) posts shall be set at abrupt changes in 
vertical and horizontal alignment.  Fabric shall be continuous between 
terminal posts; however, runs between terminal posts shall not exceed 152.4 
m (500 feet).  Any damage to galvanized surfaces, including welding, shall 
be repaired with paint containing zinc dust in accordance with ASTM A 780.

3.2   EXCAVATION

Post holes shall be cleared of loose material.  Waste material shall be 
spread where directed.  The ground surface irregularities along the fence 
line shall be eliminated to the extent necessary to maintain a 50 mm (2 
inch) clearance between the bottom of the fabric and finish grade.

3.3   POST INSTALLATION

3.3.1   Posts for Chain Link Fence

Posts shall be set plumb and in alignment.  Except where solid rock is 
encountered, posts shall be set in concrete to the depth indicated on the 
drawings.  Where solid rock is encountered with no overburden, posts shall 
be set to a minimum depth of 457 mm (18 inches)  in rock.  Where solid rock 
is covered with an overburden of soil or loose rock, posts shall be set to 
the minimum depth indicated on the drawing unless a penetration of 457 mm 
(18 inches)  in solid rock is achieved before reaching the indicated depth, 
in which case depth of penetration shall terminate.  All portions of posts 
set in rock shall be grouted.  Portions of posts not set in rock shall be 
set in concrete from the rock to ground level.  Posts set in concrete shall 
be set in holes not less than the diameter shown on the drawings.  
Diameters of holes in solid rock shall be at least 25 mm (1 inch)  greater 
than the largest cross section of the post.  Concrete and grout shall be 
thoroughly consolidated around each post, shall be free of voids and 
finished to form a dome.  Concrete and grout shall be allowed to cure for 
72 hours prior to attachment of any item to the posts.

3.4   RAILS

3.4.1   Top Rail

Top rail shall be supported at each post to form a continuous brace between 
terminal posts.  Where required, sections of top rail shall be joined using 
sleeves or couplings that will allow expansion or contraction of the rail.  
Top rail, if required for high security fence, shall be installed as 
indicated on the drawings.
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3.5   BRACES AND TRUSS RODS

Braces and truss rods shall be installed as indicated and in conformance 
with the standard practice for the fence furnished.  Horizontal 
(compression) braces and diagonal truss (tension) rods shall be installed 
on fences over 1.83 m (6 feet)  in height.  A center brace or 2 diagonal 
truss rods shall be installed on 3.66 m (12 foot)  fences.  Braces and 
truss rods shall extend from terminal posts to line posts.  Diagonal braces 
shall form an angle of approximately 40 to 50 degrees with the horizontal.  
No bracing is required on fences 1.83 m (6 feet)  high or less if a top 
rail is installed.

3.6   TENSION WIRES

Tension wires shall be installed along the bottom of the fence line and 
attached to the terminal posts of each stretch of the fence.  Bottom 
tension wire shall be installed within the bottom 152 mm (6 inches)  of the 
installed fabric.  Tension wire shall be pulled taut and shall be free of 
sag.

3.7   CHAIN LINK FABRIC

Chain link fabric shall be installed on the side of the post indicated.  
Fabric shall be attached to terminal posts with stretcher bars and tension 
bands.  Bands shall be spaced at approximately 381 mm (15 inch) intervals.  
The fabric shall be installed and pulled taut to provide a smooth and 
uniform appearance free from sag, without permanently distorting the fabric 
diamond or reducing the fabric height.  Fabric shall be fastened to line 
posts at approximately 381 mm (15 inch) intervals and fastened to all rails 
and tension wires at approximately 610 mm (24 inch) intervals.  Fabric 
shall be cut by untwisting and removing pickets.  Splicing shall be 
accomplished by weaving a single picket into the ends of the rolls to be 
joined.  The bottom of the installed fabric shall be 50 mm plus or minus 13 
mm (2 plus or minus 1/2 inch) above the ground.  

3.8   BARBED WIRE SUPPORTING ARMS AND BARBED WIRE

3.8.1   General Requirements

Barbed wire supporting arms and barbed wire shall be installed as indicated 
and as recommended by the manufacturer.  Supporting arms shall be anchored 
to the posts in a manner to prevent easy removal with hand tools.  Barbed 
wire shall be pulled taut and attached to the arms with clips or other 
means that will prevent easy removal.

    -- End of Section --

SECTION 02821  Page 5



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION TABLE OF CONTENTS

DIVISION 02 - SITE WORK

SECTION 02827

ELECTRIC OPERATED SLIDING GATES

PART 1   GENERAL

  1.1   REFERENCES
  1.2   SUBMITTALS
  1.3   QUALIFICATION OF WELDERS
  1.4   DELIVERY, STORAGE AND HANDLING

PART 2   PRODUCTS

  2.1   SLIDING GATES
    2.1.1   Structural Carbon Steel
    2.1.2   Structural Steel Tubing
    2.1.3   Welding Electrodes
    2.1.4   Gate Wheels
    2.1.5   Fabrication
      2.1.5.1   Measurements
      2.1.5.2   Surface Preparation
      2.1.5.3   Welding
      2.1.5.4   Galvanizing
      2.1.5.5   Repair of Zinc-Coated Surfaces
  2.2   ELECTRIC SLIDING GATE OPERATORS
    2.2.1   Gate Operator Descriptions
    2.2.2   Standard Mechanical Components
    2.2.3   Electrical Components
    2.2.4   Factory Testing

PART 3   EXECUTION

  3.1   INSTALLATION
    3.1.1   Electrical Work
  3.2   FIELD QUALITY CONTROL
  3.3   PAINTING
  3.4   CLEAN UP

-- End of Section Table of Contents --

SECTION 02827  Page 1



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION 02827

ELECTRIC OPERATED SLIDING GATES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 36/A 36M (1997; Rev. A) Carbon Structural Steel

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 500 (1996) Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing in Rounds 
and Shapes

ASTM A 780 (1993; Rev A) Repair of Damaged and 
Uncoated Areas of Hot-Dip Galvanized 
Coating

ASTM A 924/A 924M (1999) General Requirements for Steel 
Sheet, Metallic-Coated by the Hot-Dip 
Process

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (1998) Structural Welding Code - Steel 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Electric sliding gate operators, sliding gates and components

  Submit shop drawing for electric sliding gate showing connection 
to adjacent construction, range of travel, type, size, location, 
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metal gages, hardware provisions, installation details, details of 
construction, wiring diagrams for motor and control, supporting 
brackets for motor, location, type, and ratings of motor, and 
safety device.  Indicate concrete mounting pad and underground 
electrical service runs.

SD-08 Manufacturer's Instructions

Electric sliding gate operators, sliding gates and components

  Submit manufacturer's currently recommended installation 
procedures for electric operated sliding gate along with the shop 
drawings.

SD-10 Operation and Maintenance Data

Electric sliding gate operators, sliding gates and components

Submit 6 copies of electric operated sliding gate operating and 
maintenance instructions, a minimum of 2 weeks prior to field 
training.  Operating instructions shall outline the step-by-step 
procedures required for system startup, operation and shutdown.  
The instructions shall include the manufacturer's name, model 
number, service manual, parts list, and brief description of all 
equipment and their basic operating features.  Maintenance 
instructions shall include routine maintenance procedures, 
possible breakdowns and repairs, and trouble shooting guide.  The 
instructions shall include the general gate layout and simplified 
wiring and control diagrams of the system as installed.

1.3   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1 using procedures, materials, 
and equipment of the type required for the work.

1.4   DELIVERY, STORAGE AND HANDLING

Protect electric gate operators, sliding gates and components from damage 
during delivery, storage, and handling.  Clearly mark manufacturer's brand 
name.  Store electric gate operator, sliding gate and components in dry 
location with adequate ventilation, free from dust and water, and in such a 
manner as to permit access for inspection and handling.  Handle electric 
gate operator, sliding gate and components carefully to prevent damage.  
Remove damaged items that cannot be restored to like-new condition and 
provide new items.

PART 2   PRODUCTS

2.1   SLIDING GATES

2.1.1   Structural Carbon Steel

ASTM A 36/A 36M.

2.1.2   Structural Steel Tubing

ASTM A 500, Grade A or B.

2.1.3   Welding Electrodes
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AWS D1.1, E70.

2.1.4   Gate Wheels

Cast from ductile iron, tapered roller bearing, disc wheel, 150 mm diameter 
by 62 mm (6" x 2.5"), capacity of 2045 kg (4500#) per wheel.  Provide 
pressure-tube grease fittings with threaded guards.

2.1.5   Fabrication

Fabricate sliding gates to size and shape as indicated.  Metal work shall 
be well formed to shape and size, with sharp lines and angles and true 
curves.  Provide welding and bracing of adequate strength and durability, 
with tight, flush joints, dressed smooth and clean.

2.1.5.1   Measurements

Before fabrication, take necessary field measurements and verify all 
measurements.

2.1.5.2   Surface Preparation

Metal surfaces shall be clean and free from mill scale, flake rust and rust 
pitting; well formed and finished to shape and size, with sharp lines and 
angles and smooth surfaces.  Shearing and punching shall leave clean true 
lines and surfaces.  Welds shall be used and finished flush and smooth on 
surfaces that will be exposed after installation.

2.1.5.3   Welding

Welding of structural steel members shall be in accordance with AWS D1.1.  
Joints shall develop 100 percent of the strength of the framing members.

2.1.5.4   Galvanizing

Hot-dip galvanize sliding gate after fabrication where practicable.  
Galvanizing:  ASTM A 123/A 123M, ASTM A 153/A 153M and ASTM A 924/A 924M, 
G90, as applicable. 

2.1.5.5   Repair of Zinc-Coated Surfaces

Repair damaged surfaces with galvanizing repair method and paint conforming 
to ASTM A 780, or by the application of stick or thick paste material 
specifically designed for repair of galvanizing.  Clean areas to be 
repaired and remove the slag from the welds.  Heat surfaces to which stick 
or paste material is applied, with a torch to a temperature sufficient to 
melt the metallics in stick or paste; spread molten material uniformly over 
surfaces to be coated and wipe the excess material off.

2.2   ELECTRIC SLIDING GATE OPERATORS

2.2.1   Gate Operator Descriptions

Operation shall be by means of a metal rail passing between two pairs of 
solid aluminum wheels with polyurethane treads.  Operator motors shall be 
hydraualic, roller type, and system shall not include belts, gears, 
pulleys, roller chains or sprockets to transfer power from operator to gate 
panel.  The operator shall be capable of operating the gate without the 
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drive wheels slipping and without distortion of supporting arms.  Gate 
panel velocity shall be not less than 0.3 m/s (1.0'/s) and shall be started 
and stopped gradually to prevent shock loads to the gate and operator 
assembly.  The "soft stop" feature of the gate operator shall be initiated 
by an adjustable timer and controlled by two, adjustable, hydraulic brake 
valves (one for each direction).  The "soft start" feature shall allow the 
pump to start at zero pressure, then progressively increase to pressure, 
over a period not less than 2 seconds to 6.89 MPa (1000 psi).

2.2.2   Standard Mechanical Components

A.  Supporting arms:  Cast aluminum channel.  Arms shall incorporate a 
fully bushed, 38 mm (1.5") bronze bearing surface, acting on arm pivot 
pins.

B.  Arm pivot pins:  19 mm (0.75") diameter, stainless steel, with integral 
tabs for ease of removal.

C.  Tension spring:  68 mm (2.5") heavy duty, 3.56 kN (800#) capacity

D.  Tension adjustment:  Finger tightened nut, not requiring the use of 
tools.

E.  Drive release:  Instantly release tension on both drive wheels, and 
disengage them from contact with drive in a single motion for manual 
operation.

F.  Push button control:  3 button station mounted permanently on exterior 
of electrical panel.

G.  Limit switches:  Fully adjustable, toggle type, with snap in plug 
connection to control panel.

H.  Electrical enclosure:  Oversized, metal, with hinged lid gasketed for 
protection form intrusion of foreign objects, and providing ample space 
for the addition of accessories and detectors.

I.  Chassis:  6 mm (0.25") steel base plate, and 3.3 mm (10 gage) sides and 
back, welded and ground smooth.

J.  Cover:  1.5 mm (16 gage), galvanized sheet metal with a powder paint 
finish.  All joints welded, filled and ground smooth.  Finished corners 
square and true with no visible joints.

K.  Finish:  Fully zinc plated then finish coat high gloss powder paint.

L.  Drive wheels:  200 mm (8") diameter metal hub with polyurethane tread.

M.  Drive rail:  Extruded aluminum, 6061-T6, not less than 3 mm (0.125") 
thick.  Drive rail shall incorporate alignment pins for ease of 
replacement, splicing and for break away design.  Pins shall enable a 
perfect butt splice.  Properly designed and fabricated steel rail.

N.  Hydraulic hose:  6 mm (0.25") synthetic, rated to 27 MPa (4000  psi).

O.  Hydraulic valves:  Individually replaceable cartridge type, in an 
integrated hydraulic manifold.

P.  Hose fittings:  Quick disconnect type at manifold, other location to be 
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swivel type.

Q.  Hydraulic fluids:  High performance type with a viscosity index greater 
than 375.

R.  Pressure gage:  Zero to 13.79 MPa (2000 psi) pressure gage, mounted on 
the manifold.

S.  Hydraulic fluid reservoir:  Formed from single piece of metal, 
non-welded, powder painted on the inside and outside to prevent fluid 
contamination.

2.2.3   Electrical Components

A.  Pump motor:  2 HP, continuous duty motor, 3 phase, 208/230/460 VAC, 60 
Hz.

B.  Overload protection:  All components shall have overload protection.

C.  Controls:  Industrial grade relays, hard-wired with individually 
numbered wires.

D.  Transformer:  75 VA, non jumpered taps for all common voltages.

E.  Timer:  Maximum run timer on operator.

F.  Control circuit:  24 VAC.

G.  Control devices:  Provide the following:  keyswitch, time to close, 
pushbuttons, vehicle detectors, keypads or seven day timers.

H.  Safety devices for stopping or reversing the gate travel:  Photo cell 
beams, torque sensor, or sensitive gate edge.

I.  Safety alarm devices:  Audible alarms or flashing lights.

J.  Locks:  Locks for operator cover and gate panel.

2.2.4   Factory Testing

A.  Fully assemble and test at the factory, the gate operator to assure 
smooth operation, sequencing and electrical connection integrity.  
Apply physical loads to the operator to simulate field conditions.  
Tests shall simulate physical and electrical loads equal to the fully 
rated capacity of the operator components.

B.  Check all mechanical connections for tightness and alignment.  Check 
all welds for completeness and continuity.  Check welded corners and 
edges to assure they are tight and straight.

C.  Inspect powder painted finish for completeness and gloss.  Touch up any 
imperfections prior to shipment.

D.  Check all hydraulic hoses and electrical wires to assure that chafing 
cannot occur during shipment or operation.

PART 3   EXECUTION

3.1   INSTALLATION
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Install the sliding gates and electric operators in accordance with the 
manufacturer's printed installation.  Ensure that sliding gates are 
operating smoothly under manual conditions before installation of electric 
gate operators.  Do not proceed until sliding gate panels are aligned and 
operate without binding.

3.1.1   Electrical Work

Electrical work shall be in accordance with Division 16 - ELECTRICAL.  
Ensure that electric services to the gate operators are not less than 30 
amperes, 5500 watts.

3.2   FIELD QUALITY CONTROL

Test gate operators through ten full cycles and adjust for operation 
without binding, scraping or uneven motion.  Test limit switches for proper 
"at rest" gate position.

3.3   PAINTING

Paint entire galvanized steel surfaces sliding gates, electric operators 
and accessories.  Spot paint welded joints, clean all areas to be painted.  
Painting of galvanized steel surfaces shall be as specified in Section 09900
PAINTING GENERAL.

3.4   CLEAN UP

Remove waste materials and other debris off Government property. 

        -- End of Section --
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SECTION 02915

TRANSPLANTING EXTERIOR PLANT MATERIAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NURSERY AND LANDSCAPE ASSOCIATION (ANLA)

ANLA Z60.1 (1996) Nursery Stock

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A300 (1995) Tree Care Operations - Trees, 
Shrubs and other Woody Plant Maintenance

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 602 (1995a) Agricultural Liming Materials

ASTM D 3776 (1996) Mass per Unit Area (Weight) of 
Fabric

ASTM D 4491 (1999) Water Permeability of Geotextiles 
by Permissivity

ASTM D 4533 (1991; R 1996)  Trapezoid Tearing Strength 
of Geotextiles

ASTM D 4632 (1991; R 1996) Grab Breaking Load and 
Elongation of Geotextilies

ASTM D 4751 (1999) Determining Apparent Opening Size 
of a Geotextile

ASTM D 4833 (1988: R 1996) Index Puncture Resistance 
of Geotextiles, Geomembranes, and Related 
Products

ASTM D 4873 (1997) Identification, Storage, and 
Handling of Geosynthetic Rolls

ASTM D 4972 (1995a) pH of Soils

ASTM D 5034 (1995) Breaking Strength and Elongation of 
Textile Fabrics (Grab Test)

ASTM D 5035 (1995) Breaking Force and Elongation of 
Textile Fabrics (Strip Method)
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ASTM D 5268 (1996) Topsoil Used for Landscaping 
Purposes

ASTM D 5883 (1996el) Use of Rotary Kiln Produced 
Expanded Shale, Clay or Slate (ESCS) as a 
Mineral Amendment in Topsoil Used for 
Landscaping and Related Purposes 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Finished Grade and Topsoil.
Underground Utilities.
Delivered Topsoil. .
Obstructions Below Ground. .

Finished grade status; location of underground utilities and facilities; 
and availability of topsoil from the stripping and stock piling operation.

SD-03 Product Data

Geosynthetics.
Root Barriers.

Manufacturer's literature including physical characteristics, application 
and installation instructions.

Equipment.

A listing of equipment to be used for the transplanting operation,including 
size model, year and type of mechanical tree transplanting equipment.

Transplanting Plan.

Methods to be used for each plant species to be transplanted ensuring 
survivability.

Application of Pesticide.

Pesticide treatment plan with sequence of treatment work, plus dates and 
times.  The plan shall state the applicator's years of previous experience 
in applying pesticides of this type or under these conditions, if requested 
by the Contracting Officer.  The pesticide trade name, EPA registration 
number, chemical composition, formulation, concentration of original and 
diluted material, application rate of active ingredients, method of 
application, area treated, amount applied; and the name and state license 
number of the state certified applicator shall be included.

Plant Establishment Period. . 

Calendar time period for the plant establishment period.  When there is more 
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than one establishment period, the boundaries of the planted areas covered 
for each period shall be described.

Maintenance Record.

Maintenance work performed, quantity of plant losses, and replacements; and 
diagnosis of unhealthy plant material.

SD-06 Test Reports

Soil Test. .
Recycled Compost. .

Certified reports of inspections and laboratory tests, prepared by an 
independent testing agency, including analysis and interpretation of test 
results.  Each report shall be properly identified.  Test methods used and 
compliance with recognized test standards shall be described.

SD-07 Certificates

Topsoil.
Fertilizer.
Soil Conditioner.
pH Adjuster.
Pesticide..

Prior to delivery of materials, certificates of compliance attesting that 
materials meet the specified requirements.  Certified copies of the 
material certificates shall include the following.

  For items listed in this section:

   1) Certification of recycled content or,
   2) Statement of recycled content.
   3) Certification of origin including the name, addresses and 
telephone number of manufacturer.

     a.  Topsoil.  Particle size, pH, organic matter content, 
textural class, soluble salts, chemical and mechanical analyses.

     b.  Fertilizer.  Chemical analysis and composition percent.

     c.  Soil Conditioner.  Composition and source.

     d.  pH Adjuster.  Calcium carbonate equivalent and sieve 
analysis.

     e.  Pesticide.  EPA registration number and registered uses.

SD-10 Operation and Maintenance Data

Maintenance Instructions.

Instruction for care of installed plant material during initial 
establishment period and long term care.

1.3   TRANSPLANTING PLAN

A transplanting plan shall be submitted and shall delineate methods and 
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times for root pruning, digging, balling, removing, storing, transporting, 
planting, watering, and maintenance to ensure survivability.  The plan 
shall also include equipment, anti-desiccant and pesticides to be used.  A 
listing of the plant material to be transplanted shall be provided by 
common name and botanical name as listed under "Nomenclature" in ANLA Z60.1
; classification; caliper; and height.

1.4   PLANT MATERIAL SURVIVABILITY

Plant material survivability shall be determined by growing condition; root 
pruning and transplanting method to maintain a healthy root system; and 
recovery of leaves or needles with the crown in good balance with the trunk 
free from disfigurement or abrasion.

1.5   DECIDUOUS TREES

A "P1" height to caliper relationship shall be maintained in accordance 
with ANLA Z60.1.  Height of branching shall bear a relationship to the size 
and species of tree and with the crown in good balance with the trunk.  The 
trees shall not be "poled" or the leader removed.

1.5.1   Single stem

The trunk shall be reasonably straight and symmetrical with crown and have 
a persistent main leader.  The form of growth desired shall be as indicated.

1.5.1.1   Multi-stem

All countable stems, in aggregate, shall be maintained.  To be considered a 
stem, there shall be no division of the trunk which branches a minimum 150 
mm (6 inches) from the ground surface.  The form of growth desired shall be 
as indicated.

1.5.1.2   Specimen

The tree shall be well branched and pruned naturally according to the 
species.  The form of growth desired, which may not be in accordance with 
natural growth habit, shall be as indicated.

1.5.2   Palms

Palms shall have the height measured from the base of the trunk to the base 
of the fronds or foliage in accordance with ANLA Z60.1.  The palm shall 
have a straight trunk and healthy fronds or foliage.  Palms trimmed or 
pruned shall retain a minimum 150 mm (6 inches) of foliage at the crown as 
a means of determining plant health.

1.5.3   Deciduous Shrubs

Deciduous shrubs shall have the height and number of primary stems 
recommended by ANLA Z60.1.  Plant material shall bear a relationship to the 
size and species of plant with the crown in good balance with the trunk, 
well shaped, and with sufficient well-spaced side branches.  The form of 
growth desired shall be as indicated.

1.5.4   Coniferous Evergreen Plant Material

Coniferous evergreen plant material shall have the height-to-spread ratio 
recommended by ANLA Z60.1.  The coniferous evergreen trees shall not be 
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"poled" or the leader removed.  Plant material shall be well shaped and 
trimmed to form a symmetrical and tightly knit plant.  The form of growth 
desired shall be as indicated.

1.5.5   Broadleaf Evergreen Plant Material

Broadleaf evergreen plant material shall have the height-to-spread ratio 
recommended by ANLA Z60.1.  Plant material shall bear a relationship to the 
size and species of plant with the crown in good balance with the trunk, 
well shaped, and with sufficient well-spaced side branches.  The form of 
growth desired shall be as indicated.

1.5.6   Ground Cover and Vines

Ground cover and vine plant material shall have the minimum number of 
runners and length of runner recommended by ANLA Z60.1.  Plant material 
shall have heavy, well developed and balanced crown with vigorous, well 
developed root system.  The form of growth desired shall be as indicated.

1.5.7   Protection During Transplanting

Plant material shall be protected during transplanting to prevent 
desiccation and damage to the branches, trunk, and root system.  Branches 
shall be protected by tying-in.  Exposed branches shall be covered during 
transport.  The root area shall be treated with gels containing mycorrhizal 
fungi inoculum.  Plant material shall be undamaged, well shaped, vigorous 
and healthy with a well-branched root system, free from disease, harmful 
insects and insect eggs, sun-scald injury, disfigurement or abrasion after 
transplanting.  Plant material showing desiccation, abrasion, sun scald 
injury or structural branching damage shall be replaced at no cost to the 
government.

1.6   DELIVERY OF MATERIALS

1.6.1   Delivered Topsoil

Prior to the delivery of any topsoil, the availability of topsoil shall be 
verified in paragraph TOPSOIL.  A soil test shall be provided for delivered 
topsoil.

1.6.2   Soil Amendments

Soil amendments shall be delivered to the site in the original, unopened 
containers bearing the manufacturer's chemical analysis.  In lieu of 
containers, soil amendments may be furnished in bulk.  A chemical analysis 
shall be provided for bulk deliveries.

1.6.3   Pesticide Material

Pesticide material shall be delivered to the site in the original, unopened 
containers bearing legible labels indicating the Environmental Protection 
Agency (EPA) registration number and the manufacturer's registered uses.

1.7   PLANT MATERIAL IDENTIFICATION

Plant material to be transplanted shall be tagged and/or shown on drawings. 
 Transplanted plant material shall be delivered with attached, durable, 
waterproof labels and weather-resistant ink or imprinted tags, stating the 
correct botanical plant name and size.
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1.8   INSPECTION OF MATERIALS

Materials shall be inspected for compliance with paragraph PRODUCTS, 
paragraph PLANT MATERIAL SURVIVABILITY and paragraph PLANT MATERIAL 
IDENTIFICATION.  Open soil amendment containers or wet soil amendments 
shall be rejected.  Topsoil that contains slag, cinders, stones, lumps of 
soil, sticks, roots, trash or other material larger than 40 mm  diameter 
shall be rejected.  Topsoil that contains viable plant material and plant 
parts shall be rejected.  Unacceptable material shall be removed from the 
job site.

1.9   STORAGE OF MATERIALS

Storage of material shall be in designated areas.  Soil amendments shall be 
stored in dry locations and away from contaminants.  Chemical treatment 
material shall be stored according to manufacturer's instructions and not 
with planting operation material.

1.10   HANDLING OF MATERIALS

Materials shall not be dropped from vehicles.  Plant material shall be 
transported without scarring trunks or deforming crown branching.  
Materials found to be in unacceptable condition shall be replaced at no 
additional cost to the Government.

1.11   TIME LIMITATION

The time limitation from digging, removing, transporting, to installing 
transplanted plant material shall be the same day.  The time limitation 
between installing the plant material and placing the mulch shall be a 
maximum 48 hours.

1.12   WARRANTY

Transplanted plant material shall have a warranty for survivability as 
defined in paragraph PLANT MATERIAL SURVIVABILITY, and plant growth to be 
in a vigorous growing condition for a minimum 6 month period for plants 
other than specimen trees and a minimum 12 month calendar time period for 
specimen trees.  The warranty of plant growth shall be provided regardless 
of the contract time period.  When the transplanted plant material is 
determined to be unhealthy in accordance with paragraph PLANT ESTABLISHMENT 
PERIOD, it shall be replaced once under this warranty.

PART 2   PRODUCTS

2.1   TOPSOIL

Topsoil shall be as defined in ASTM D 5268.  When available, the topsoil 
shall be the existing surface soil stripped and stockpiled onsite in 
accordance with Section 02300 EARTHWORK.  When additional topsoil is 
required beyond the available topsoil from the stripping operation, topsoil 
shall be delivered and amended as recommended by the soil test for the 
plant material specified.  Topsoil shall be free from slag, cinders, 
stones, lumps of soil, sticks, roots, trash or other material over a 
minimum 40 mm  diameter.  Topsoil shall be free from viable plants and 
plant parts.

2.2   SOIL AMENDMENTS
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Soil amendments shall consist of pH adjuster, fertilizer, organic material 
and soil conditioners meeting the following requirements.  Vermiculite is 
not permitted.

2.2.1   pH Adjuster

The pH adjuster shall be an agricultural liming material in accordance with 
ASTM C 602.  These materials may be burnt lime, hydrated lime, ground 
limestone, or shells.  The pH adjuster shall be used to create a favorable 
soil pH for the plant material specified.

2.2.2   Limestone

Limestone material shall contain a minimum calcium carbonate equivalent of 
80 percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm  
sieve and a minimum 55 percent shall pass through a 0.25 mm  sieve.  To 
raise soil pH, ground limestone shall be used.

2.2.3   Hydrated Lime

Hydrated lime shall contain a minimum calcium carbonate equivalent of 110 
percent.  Gradation:  A minimum 100 percent shall pass through a 2.36 mm  
sieve and a minimum 97 percent shall pass through a 0.25 mm  sieve.

2.2.4   Burnt Lime

Burnt lime shall contain a minimum calcium carbonate equivalent of 140 
percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm  
sieve and a minimum 35 percent shall pass through a 0.25 mm  sieve.

2.2.5   Fertilizer

The nutrients ratio shall be as recommended in the soils analysis. 
Fertilizer shall be controlled release, commercial grade, suitable for use 
on newly transplanted plant material; free flowing, pellet or tablet form; 
uniform in composition; and consistent with a prescribed 
nitrogen-phosphorus-potassium ratio.

2.2.6   Organic Material

Organic material shall consist of either bonemeal, peat, rotted manure, 
decomposed wood derivatives, recycled compost, or worm castings.

2.2.6.1   Bonemeal

Bonemeal shall be a finely ground, steamed bone product containing from a 
minimum 2 to a maximum 4 percent nitrogen and a minimum 16 to a maximum 40 
percent phosphoric acid.

2.2.6.2   Rotted Manure

Rotted manure shall be unleached horse, chicken, or cattle manure 
containing a maximum 25 percent by volume of straw, sawdust, or other 
bedding materials.  Manure shall contain no chemicals or ingredients 
harmful to plants.  The manure shall be heat treated to kill weed seeds and 
shall be free of stones, sticks, and soil.

2.2.6.3   Decomposed Wood Derivatives
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Decomposed wood derivatives shall be well decomposed ground bark, sawdust, 
or other wood waste material free of stones, sticks, and toxic substances 
harmful to plants, and stabilized with nitrogen.

2.2.6.4   Recycled Compost

Compost shall be a well-decomposed, stable, weed free organic matter 
source.  It shall be derived from food, agricultural, or industrial 
residuals; biosolids (treated sewage sludge); yard trimmings; or 
source-separated or mixed solid waste.  The compost shall possess no 
objectionable odors and shall not resemble the raw material from which it 
was derived.  The material shall not contain substances toxic to plants.  
Gradation:  The compost material shall pass through a 10 mm  (3/8 inch) 
screen, possess between a minimum 5.5 to a maximum 8.0 pH, and have a 
moisture content between a minimum 35 and a maximum 55 percent by weight.  
The material shall not contain more than a maximum 1 percent by weight of 
man-made foreign matter.  Compost shall be cleaned of plastic materials a 
minimum 50 mm  in length.

2.2.6.5   Worm Castings

Worm castings shall be screened from worms and food source and shall be 
commercially packaged.

2.2.7   Soil Conditioner

Soil conditioner shall be sand, calcined clay, or gypsum for single use or 
in combination to meet topsoil requirements for the plant material 
specified and as recommended in soils analysis.

2.2.7.1   Sand

Sand shall be clean and free of toxic materials.  Gradation:  A minimum 95 
percent by weight shall pass a 2 mm  (No. 10) sieve and a minimum 10 
percent by weight shall pass a 1.18 mm  (No. 16 sieve).  Greensand shall be 
balanced with the inclusion of trace minerals and nutrients.

2.2.7.2   Calcined Clay

Granular particles shall be produced from montmorillonite clay calcined to 
a minimum temperature of 650 degrees C (1200 degrees F).  Gradation:  A 
minimum 90 percent passing 2.36 mm  (No. 8 sieve); a minimum 99 percent 
shall be retained on 0.25 mm  (No. 60 sieve); and a maximum 2 percent shall 
pass a 0.15 mm  (No. 100 sieve).  Bulk density:  A maximum 640-kilogram per 
cubic meter  (40 pounds per cubic foot).

2.2.7.3   Gypsum

Gypsum shall be commercially packaged, free flowing, and a minimum 95 
percent calcium sulfate by volume.

2.2.7.4   Expanded Shale, Clay, or Slate (ESCS)

Rotary kiln produced ESCS material shall be in conformance with ASTM D 5883.

2.3   MULCH

Mulch shall be free from weeds, mold, and other deleterious materials.  
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Mulch materials shall be native to the region.  Rotted manure is not 
recommended to be used as a mulch because it would encourage surface 
rooting of the plant material and weeds.

2.3.1   Inorganic Mulch

When inorganic mulch is required for decorative purposes, it shall be 
provided in areas designated, and consist of:

Crusher run rock ranging in size from 13 to 50 mm ( 1/2 to 2 inches).

2.3.2   Organic Mulch

Organic mulch materials shall be native to the project site and consist of 
recycled mulch, shredded bark, wood chips, or ground bark.

2.3.2.1   Recycled Mulch

Recycled mulch may include compost, tree trimmings, or pine needles with a 
gradation that passes through a 65 x 65 mm  (2-1/2 x 2-1/2 inch) screen.  
It shall be cleaned of all sticks a minimum 25 mm  (1 inch) in diameter and 
plastic materials a minimum 75 mm  (3 inch) length.  The material shall be 
treated to retard the growth of mold and fungi.  Other recycled mulch may 
include peanut shells, pecan shells or cocoa bean shells.

2.3.2.2   Shredded Bark

Locally shredded material shall be treated to retard the growth of mold and 
fungi.

2.3.2.3   Wood Chips and Ground Bark

Locally chipped or ground material shall be treated to retard the growth of 
mold and fungi.  Gradation: A maximum 50 mm  (2 inch) wide by 100 mm (4 
inch) long.  The material may be a by-product of "sustainable practices" 
such as tree farm trimming.

2.4   GEOSYNTHETICS

Geosynthetics shall be defined as a product manufactured in accordance with 
ASTM D 3776, ASTM D 4491, ASTM D 4533, ASTM D 4632, ASTM D 4751, ASTM D 4833
and ASTM D 4873, ASTM D 5034 or ASTM D 5035.  It shall be referred to as 
products manufactured for use as weed barriers, drainage matting, root 
barriers, or soil enhancement systems.

2.5   WOOD STAKING MATERIAL

Wood stakes shall be hardwood or fir; a minimum No. 2 grade, rough sawn; 
free from knots, rot, cross grain, or other defects that would impair their 
strength.

2.5.1   Bracing Stake

Wood bracing stakes shall be a minimum 50 x 50 mm  (2 x 2 inch) square and 
a minimum 2400 mm  (8 feet) long with a point at one end.  Stake shall be 
set without damaging rootball.

2.5.2   Wood Ground Stakes
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Wood ground stakes shall be a minimum of 50 x 50 mm  (2 x 2 inch) square 
and a minimum 900 mm  (3 feet) long with a point at one end.

2.5.3   Deadmen

Wood deadmen shall be a minimum 100 x 100 x 900 mm  (4 x 4 x 36 inches) 
long.

2.6   METAL STAKING AND GUYING MATERIAL

Metal shall be aluminum or steel consisting of recycled content made for 
holding plant material in place.

2.6.1   Bracing Stakes

Metal bracing stakes may be hollow or solid and shall be a minimum 25 mm  
(1 inch) diameter and a minimum 2400 mm  (8 feet) long.  Stake shall be set 
without damaging rootball and be capable of supporting the tree adequately.

2.6.2   Metal Ground Stakes

Metal ground stakes shall be a minimum 13 mm  (1/2 inch) diameter and a 
minimum 900 mm (3 feet) long.

2.6.3   Earth Anchor

Metal earth anchors shall be a minimum 13 mm (1/2 inch) diameter and a 
minimum 600 mm (2 feet) long.

2.6.4   Guying Material

Metal guying material shall be a minimum 12 gauge wire.  Multi-strand cable 
shall be woven wire.  Guying material tensile strength shall conform to the 
size of tree to be held firmly in place.

2.6.5   Turnbuckle

Metal turnbuckles shall be galvanized or cadmium-plated steel, and shall be 
a minimum 75 mm (3-inches) long with closed screw eyes on each end.  Screw 
thread tensile strength shall conform to the size of tree to be held firmly 
in place.

2.7   PLASTIC STAKING AND GUYING MATERIAL

Plastic shall consist of recycled plastic product made for holding plant 
material firmly in place.  Plastic shall not be used for deadmen.

2.7.1   Plastic Bracing Stake

Plastic bracing stakes shall be a minimum 50 mm (2 inch) diameter and a 
minimum 2400 mm  (8 feet long).  Stake shall be set without damaging 
rootball.

2.7.2   Plastic Ground Stakes

Plastic ground stakes shall be a minimum 50 mm (2 inch) diameter and a 

2.7.3   Plastic Guying Material
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Plastic guying material shall be designed with a maximum 13.1 kN per meter 
(900 pound) force per foot elastic limit for the purpose of firmly holding 
plant material in high wind velocities.

2.7.4   Chafing Guard

Plastic chafing guards shall be used to protect tree trunks and branches 
when metal is used as guying material.  The material shall be the same 
color throughout the project site.  Length shall be a minimum 1.5 times the 
circumference of the plant trunk at its base.

2.8   RUBBER GUYING MATERIAL

Rubber chafing guards, consisting of recycled material, shall be used to 
protect tree trunks and branches when metal guying material is applied.  
The material shall be the same color throughout the project.  Length shall 
be a minimum 1.5 times the circumference of the plant trunk at its base.

2.9   FLAG

Plastic flag material shall be used on guying material.  It shall be a 
minimum 150 mm (6 inches) long.  Tape color shall be consistent and 
visually complimentary to the entire project area.  The tape color shall 
meet pedestrian visual safety requirements for day and night.

2.10   TREE ROOT BARRIERS

Tree root barriers shall be metal or plastic consisting of recycled 
content.  Barriers shall utilize vertical stabilizing members to encourage 
downward tree root growth.  Barriers shall limit, by a minimum 90 percent, 
the occurrence of surface roots.  Tree root barriers which are designed to 
be used as plant pit liners will be rejected.

2.11   MYCORRHIZAL FUNGI INOCULUM

Mycorrhizal fungi inoculum shall be composed of multiple-fungus inoculum as 
recommended by the manufacturer for the plant material specified.

2.12   WATER

Unless otherwise directed, water shall be the responsibility of the 
Contractor.  Water shall be potable or supplied by an existing irrigation 
system.

2.13   PESTICIDE

Pesticide shall be insecticide, herbicide, fungicide, nematocide, 
rodenticide or miticide.  For the purpose of this specification a soil 
fumigant shall have the same requirements as a pesticide.  The pesticide 
material shall be EPA registered and approved.

PART 3   EXECUTION

3.1   TRANSPLANTED PLANT MATERIAL TIME AND CONDITIONS

3.1.1   Transplanting Conditions

All transplanting operations shall be performed only during periods when 
beneficial results can be obtained.  When drought, excessive moisture, or 
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other unsatisfactory conditions prevail, the work shall be stopped when 
directed.  When special conditions warrant a variance to all transplanting 
operations, proposed transplanting times shall be submitted for approval.  
The installing site for the plant material shall be prepared and excavated 
in accordance with paragraph INSTALLING SITE PREPARATION and paragraph 
INSTALLING SITE EXCAVATION, prior to removing the plant material.

3.1.2   Underground Utilities

The location of underground utilities and facilities at both the removal 
and installing sites shall be verified and marked.  Damage to underground 
utilities and facilities shall be repaired at the Contractor's expense.

3.1.3   Protecting Existing Vegetation

When there are established lawns at both the removal and installing sites, 
the turf shall be covered and/or protected during the operation.  Existing 
trees, shrubs, and plant beds at both the removal and installing site that 
are to be preserved shall be barricaded along the dripline.  The area shall 
be barricaded and protected from damage by a tree barricade or other 
measure.  Damage to existing plant material shall be mitigated by the 
Contractor at no additional cost to the Government.  Damage shall be 
accessed by a state certified arborist or other approved professional using 
the National Arborist Association's tree valuation guideline.

3.1.4   Installing Site Tests

3.1.4.1   Percolation Test

Test for percolation shall be done to determine positive drainage of plant 
pits and beds at the installing site.  A positive percolation shall consist 
of a minimum 25 mm (1 inch) per 3 hours; when a negative percolation test 
occurs, a shop drawing shall be submitted indicating the corrective 
measures.

3.1.4.2   Soil Test

Delivered topsoil, excavated plant pit soil, and stockpiled topsoil shall 
be tested in accordance with ASTM D 5268 and ASTM D 4972 for determining 
the particle size, pH, organic matter content, textural class, chemical 
analysis, soluble salts analysis, and mechanical analysis.  Sample 
collection onsite shall be random over the entire installing site.  Sample 
collection for stockpiled topsoil shall be at different levels in the 
stockpile.  The soil shall be free from debris, noxious weeds, toxic 
substances, or other materials harmful to plant growth.  The test shall 
determine the quantities and type of soil amendments required to meet local 
growing conditions for the plant material to be transplanted.

3.1.5   Plant Material Preparation and Handling

3.1.5.1   Root Pruning

Minimum root ball sizes shall be in accordance with ANLA Z60.1.  Medium 
sized plant material shall be spaded or hand dug prior to removal.  A sharp 
spade shall be used to cut straight down a minimum of 450 mm  (18 inches 
deep).

3.1.5.2   Plant Material Preparation
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Plant material designated for transplanting shall be watered thoroughly 
several days before root pruning, digging or moving.  Broken or interfering 
growth shall be pruned.  Large canopy and specimen plant material shall be 
wire balled and burlapped.  Trees shall be lifted by the use of tree 
straps.  Canopy trees up to a maximum 300 mm  (12 inches) caliper shall be 
transplanted by the largest available tree spade in order to reduce shock.  
The installing site for the plant material shall be prepared and excavated 
in accordance with paragraphs: Transplanting Plant Material Time and 
Conditions, Installing Site Preparation, and Installing Site Excavation, 
prior to moving the plant material.

3.1.5.3   Tree Spading

The following minimum size spades shall be used for trees sized as measured 
at caliper; 150 mm  (6 inches) above the ground for trees 100 mm  (4 
inches) in diameter or smaller, 300 mm  (12 inches) above the ground for 
trees with a larger diameter.

       Tree Spade       Tree            
       Size

       Minimum          Minimum 50 mm to          
       1100 mm          Maximum 75 mm caliper     

       Minimum          Minimum 75 mm to          
       1650 mm          Maximum 125 caliper       

       Minimum          Minimum 150 mm to         
       2125 mm          Maximum 200 mm caliper    

       Tree Spade       Tree            
       Size

       Minimum          Minimum 2 inch to         
       44 inch          Maximum 3 inch caliper    

       Minimum          Minimum 3 inch to         
       66 inch          Maximum 5 inch caliper    

       Minimum          Minimum 6 inch to         
       85 inch          Maximum 8 inch caliper    

3.1.5.4   Caliper

The caliper shall be measured at a minimum 150 mm (6 inch) height above the 
ground surface for trees up to a maximum 100 mm (4 inch) caliper.  The 
caliper shall be measured at a minimum 300 mm (12 inch) height above the 
ground surface for trees with a larger caliper.

3.2   INSTALLING SITE PREPARATION

3.2.1   Finished Grade and Topsoil 

The Contractor shall verify that finished grades are as indicated on 
drawings, and that the placing of topsoil, the smooth grading, and the 
compaction requirements have been completed in accordance with Section 02300
 EARTHWORK, prior to the commencement of the transplanting operation.
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3.2.2   Layout

Plant material installing sites and bed outlines shall be staked on the 
project site before any excavation is made.  Plant material locations may 
be adjusted to meet field conditions.

3.3   INSTALLING SITE EXCAVATION

3.3.1   Obstructions Below Ground

When obstructions below ground affect the work, shop drawings showing 
proposed adjustments to plant material location, and planting method shall 
be submitted for approval.

3.3.2   Turf Removal and Replacement

Where the installation operation occurs in an existing lawn area, the turf 
shall be removed from the excavation area to a depth that will ensure the 
removal of the entire root system. 

3.3.3   Plant Pits

Plant pits shall be dug to a depth equal to the height of the root ball as 
measured from the base of the ball to the base of the plant trunk.  Plant 
pits shall be dug a minimum of 3 to a maximum 5 times the diameter of the 
root system to allow for root expansion.  The pit shall be constructed with 
sides sloping towards the base as a cone, to encourage well-aerated soil to 
be available to the root system for favorable root growth.  Cylindrical 
pits with vertical sides shall not be used.  Pits shall be dug immediately 
before plants are placed in the pit.

3.4   INSTALLATION

3.4.1   Setting Plant Material

Plant material shall be set plumb and held in position until sufficient 
soil has been firmly placed around root system or ball.  In relation to the 
surrounding grade, the plant material shall be set even with the grade at 
which it was grown.  The root system shall be spread out and arranged in 
its natural position.  Damaged or girdled roots shall be removed with a 
clean cut.  The beginning of the root flare shall be visible at soil level 
when the tree is planted, since it is critical not to plant the tree too 
deep.  The following shall be performed:

a. Plumb tree and backfill half of the hole.
b. Water the hole to collapse air pockets and form a soupy mixture.
c. Backfill and gently firm soil.
d. Clear soil mounded against trunk.

3.4.2   Root Barriers

Tree root barriers shall be installed as indicated in the contract 
documents and as recommended by the manufacturer.  Tree root barriers shall 
be used for trees located up to a maximum 1800 mm  (6 feet) from paved 
surfaces or structures.

3.4.3   Backfill Soil Mixture
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The backfill soil mixture may be a mix of topsoil and soil amendments 
suitable for the plant material specified.  When practical, the excavated 
soil from the plant pit that is not amended provides the best backfill and 
shall be used.  Fertilizer shall not be used in the backfill soil mixture.

3.4.4   Backfill Procedure

Prior to backfilling, all metal, wood, synthetic products, or treated 
burlap devices shall be removed from the ball or root system avoiding 
damage to the root system.  The backfill procedure shall remove air pockets 
from around the root system.  Biodegradable burlap and tying material shall 
be carefully opened and folded back from the top a minimum 1/3 depth from 
the top of the root ball.  For plant material in biodegradable containers 
the container shall be split prior to setting the plant with container.  
The plant material shall be carefully removed from containers that are not 
biodegradable.

3.4.4.1   Earth Berm

An earth berm, consisting of backfill soil mixture, shall be formed with a 
minimum 100 mm (4 inch) height around the edge of the plant pit to aid in 
water retention and to provide soil for settling adjustments.

3.4.5   Plant Bed

Plant material shall be set in plant beds according to the drawings.  
Backfill soil mixture shall be placed on previously scarified subsoil to 
completely surround the root balls, and shall be brought to a smooth and 
even surface, blending to existing areas.  Earth berms shall be provided.  
Polymers shall be spread uniformly over the plant bed and in the planting 
pit as recommended by the manufacturer and thoroughly incorporated into the 
soil to a maximum 100 mm  depth.

3.4.6   Watering

A regular watering schedule shall be established.  Slow deep watering shall 
be used.  Plant pits and plant beds shall be watered immediately after 
backfilling, until completely saturated.  Run-off and puddling shall be 
prevented.  Watering of other plant material or adjacent areas shall be 
prevented.

3.4.7   Staking and Guying

Staking will be required when trees are unstable or will not remain set due 
to their size, shape, or exposure to high wind velocity.  Stake and guy is 
shown on the plans.

3.4.8   Deadmen or Earth Anchors

Trees over a minimum 150 mm  (6 inch) caliper shall be held firmly in place 
with CMU Block deadmen buried a minimum 900 mm (3 feet) in the ground or 
metal earth anchors.  Multi-strand cable guying material shall be firmly 
anchored at a minimum 1/2 tree height and shall prevent girdling.  
Turnbuckles shall be used on the guying material for tree straightening 
purposes.  One turnbuckle shall be centered on each guy line.  Chafing 
guards shall be used.

3.4.9   Flags
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A flag shall be securely fastened to each guy line between the tree, stake, 
deadmen, or earth anchor.  The flag shall be visible to pedestrians.

3.5   FINISHING

3.5.1   Plant Material

Prior to placing mulch, the installed area shall be uniformly edged to 
provide a clear division line between the planted area and the adjacent 
turf area, shaped as indicated.  The installed area shall be raked and 
smoothed while maintaining the earth berms.

3.5.2   Placing Geosynthetics

Prior to placing mulch, geosynthetics shall be placed as indicated in the 
construction documents and in accordance with the manufacturer's 
recommendations.

3.5.3   Placing Mulch

The placement of mulch shall occur a maximum of 48 hours after planting.  
Mulch, used to reduce soil water loss, regulate soil temperature and 
prevent weed growth, shall be spread to cover the installed area with a 
minimum 100 mm  uniform thickness.  Mulch shall be kept out of the crowns 
of shrubs, ground cover, and vines and shall be kept off buildings, 
sidewalks and other facilities. 

3.5.4   Pruning

Pruning shall be accomplished by trained and experienced personnel.  The 
pruning of trees and palms shall be in accordance with ANSI A300.  Only 
dead or broken material shall be pruned from installed plants.  The typical 
growth habit of individual plant material shall be retained.  Clean cuts 
shall be made flush with the parent trunk.  Improper cuts, stubs, dead and 
broken branches shall be removed.  "Headback" cuts at right angles to the 
line of growth will not be permitted.  Trees shall not be poled or the 
leader removed, nor shall the leader be pruned or "topped off".

3.6   MAINTENANCE DURING TRANSPLANTING OPERATION

Installed plant material shall be maintained in a healthy growing 
condition.  Maintenance operations shall begin immediately after each plant 
is installed to prevent desiccation and shall continue until the plant 
establishment period commences.  Installed areas shall be kept free of 
weeds, grass, and other undesired vegetation.  The maintenance includes 
maintaining the mulch, watering, and adjusting settling.

3.7   APPLICATION OF PESTICIDE

When application of a pesticide becomes necessary to remove a pest or 
disease, a pesticide treatment plan shall be submitted and coordinated with 
the installation pest management program.

3.7.1   Technical Representative

The certified, installation pest management coordinator shall be the 
technical representative, shall be present at all meetings concerning 
treatment measures for pest or disease control,and may be present during 
treatment application.
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3.7.2   Application

A state certified applicator shall apply required pesticides in accordance 
with EPA label restrictions and recommendations.  Clothing and personal 
protective equipment shall be used as specified on the pesticide label.  A 
closed system is recommended as it prevents the pesticide from coming into 
contact with the applicator or other persons.  Water for formulating shall 
only come from designated locations.  Filling hoses shall be fitted with a 
backflow preventer meeting local plumbing codes or standards.  Overflow 
shall be prevented during the filling operation.  Prior to each day of use, 
the equipment used for applying pesticide shall be inspected for leaks, 
clogging, wear, or damage.  Any repairs are to be performed immediately.

3.8   RESTORATION AND CLEAN UP

3.8.1   Restoration

Turf areas containing ruts or dead turf, as a result of work under this 
contract, shall be graded smooth and sodded with the same species.  All 
pavements and facilities that have been damaged from the transplanting 
operation shall be restored to original condition at the Contractor's 
expense.

3.8.2   Backfill Removal Site Plant Pits 

The Contractor shall ensure that all remaining holes from the removal site 
have been backfilled, tamped and finished to meet existing grade after 
settling.  Turf shall be installed in accordance with Section 02921 SEEDING.

3.8.3   Clean Up

Excess and waste material shall be removed from both removal site and the 
installed site and shall be disposed offsite at an approved landfill or 
recycling center.  Adjacent paved areas shall be cleared.

3.9   PLANT ESTABLISHMENT PERIOD

3.9.1   Commencement

Upon completion of the last day of the installing operation, the plant 
establishment period for maintaining installed plant material in a healthy 
growing condition shall commence and shall be in effect for the remaining 
contract time period, not to exceed 12 months.  Written calendar time 
period shall be furnished for the plant establishment period.  When there 
is more than one plant establishment period, the boundaries of the planted 
area covered for each period shall be described.  The plant establishment 
period shall be coordinated with Sections 02921 SEEDING and 02930 EXTERIOR 
PLANTING.  The plant establishment period shall be modified for separate 
completion dates for areas.

3.9.2   Maintenance During Establishment Period

Maintenance of plant material shall include straightening plant material, 
straightening stakes; tightening guying material; correcting girdling; 
supplementing mulch; pruning dead or broken branch tips; maintaining plant 
material labels; watering; eradicating weeds, insects and disease; 
post-fertilization; and removing and replacing unhealthy plants.The plant 
material shall be watered as necessary to prevent desiccation and to 
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maintain an adequate supply of moisture within the root zone.  An adequate 
supply of moisture is estimated to be the equivalent of 25 mm  absorbed 
water per week, delivered in the form of rain or augmented by watering.  
Run-off, puddling and wilting shall be prevented.  Unless otherwise 
directed, watering trucks shall not be driven over turf areas.  Watering of 
other adjacent areas or existing plant material shall be prevented.

3.9.2.1   Weeding

Grass and weeds in the installed areas shall not be allowed to reach a 
maximum 75 mm (3 inches) height before being completely removed, including 
the root system.

3.9.2.2   Pesticide Treatment

Treatment for disease or pest shall be in accordance with paragraph 
APPLICATION OF PESTICIDE.

3.9.2.3   Post-Fertilization

The plant material shall be top dressed at least once during the period of 
establishment with fertilizer applied at the rate recommended by soils 
analysis. Dry fertilizer adhering to plants shall be flushed off.  The 
application shall be timed prior to the advent of winter dormancy.

3.9.2.4   Plant Pit Settling

When settling occurs to the backfill soil mixture, additional backfill soil 
shall be added to the plant pit or plant bed until the backfill level is 
equal to the surrounding grade.  Serious settling that affects the setting 
of the plant in relation to the maximum depth at which it was grown 
requires replanting in accordance with paragraph INSTALLATION.  The earth 
berm shall be maintained.

3.9.2.5   Removal Site Settlement

All plant pits at the removal site shall meet existing grade after 
settling.  Correction shall be provided as required and in accordance with 
paragraph BACKFILL REMOVAL SITE PLANT PITS.

3.9.2.6   Maintenance Record

A record shall be furnished describing the maintenance work performed, the 
quantity of plant losses, diagnosis of the plant loss, and the quantity of 
replacements made on each site visit.

3.9.3   Acceptable Plant Material

Plant material shall be undamaged, well shaped, vigorous and healthy with a 
well branched root system, free from disease, harmful insects and insect 
eggs, sun-scald injury, disfigurement or abrasion after transplanting and 
in accordance with paragraph PLANT MATERIAL SURVIVABILITY.  Plant material 
showing desiccation, abrasion, sun-scald injury or structural branching 
damage shall be replaced at no cost to the Government.

3.9.4   Unhealthy Or Dead Plant Material

3.9.4.1   Transplant Shock
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Deciduous plants showing symptoms of leaf scorch, a yellowing or bronzing 
of the tissue between the veins or along the margins of leaves or wilting; 
leaf rolling or curling may be need to be replaced, if required by the 
Contracting Officer.  The Contractor shall evaluate the severity of the 
symptoms and shall provide recommendations.

3.9.4.2   Dead Plant Material

A tree shall be considered dead when the main leader has died back, or up 
to a maximum 25 percent of the crown has died.  A shrub shall be considered 
unhealthy or dead when up to a maximum 25 percent of the plant has died.  
This condition shall be determined by scraping on a branch an area 2 mm  
square, maximum, to determine if there is a green cambium layer below the 
bark.  The Contractor shall determine the cause for dead plant material and 
shall provide recommendations for replacement.  Dead plant material shall 
be removed immediately and shall be replaced as soon as seasonal conditions 
permit.

3.9.4.3   Replacement Plant Material

Replacement plant material shall be installed in accordance with paragraph 
INSTALLATION.  Plant material shall be replaced in accordance with 
paragraph WARRANTY.  An extended plant establishment period shall not be 
required for replacement plant material.

3.9.5   Maintenance Instructions

Written instructions shall be furnished containing drawings and other 
necessary information for year-round care of the installed plant material; 
including, when and where maintenance should occur, and the procedures for 
plant material replacement.

3.9.6   End of Establishment Period Clean Up

The Contractor shall remove all guying, bracing and staking at the end the 
establishment period with the approval of the Contracting Officer.  All 
materials removed as a result of this operation shall be disposed offsite 
at an approved landfill.  Any damage resulting from this operation shall be 
restored to its original condition at the Contractor's expense.

    -- End of Section --
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SECTION 02921

SEEDING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AGRICULTURAL MARKETING SERVICE (AMS)

AMS-01 (Aug 95) Federal Seed Act Regulations Part 
201

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 602 (1995a) Agricultural Liming Materials

ASTM D 977 (1991) Emulsified Asphalt

ASTM D 2028 (1976; R 1992) Cutback Asphalt 
(Rapid-Curing Type)

ASTM D 4972 (1995a) pH of Soils

ASTM D 5268 (1992; R 1996) Topsoil Used for 
Landscaping Purposes

ASTM D 5883 (1996) Standard Guide for Use of Rotary 
Kiln Produced Expanded Shale, Clay or 
Slate (ESCS) as a Mineral Amendment in 
Topsoil Used for Landscaping and Related 
Purposes

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Equipment. 

Surface Erosion Control Material. 

Chemical Treatment Material. 

Manufacturer's literature including physical characteristics, application 
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and installation instructions for equipment, surface erosion control 
material and chemical treatment material.

Equipment. 

A listing of equipment to be used for the seeding operation.

Delivery. 

Delivery schedule.

Finished Grade and Topsoil. 

Finished grade status.

Topsoil. 

Availability of topsoil from the stripping and stock piling operation.

Quantity Check. 

Bag count or bulk weight measurements of material used compared with area 
covered to determine the application rate and quantity installed.

Seed Establishment Period. 

Calendar time period for the seed establishment period.  When there is more 
than one seed establishment period, the boundaries of the seeded area 
covered for each period shall be described.

Maintenance Record. 

Maintenance work performed, area repaired or reinstalled, diagnosis for 
unsatisfactory stand of grass plants.

Application of Pesticide. 

Pesticide treatment plan with sequence of treatment work with dates and 
times.  The pesticide trade name, EPA registration number, chemical 
composition, formulation, concentration of original and diluted material, 
application rate of active ingredients, method of application, area 
treated, amount applied; and the name and state license number of the state 
certified applicator shall be included.

SD-04 Samples

Delivered Topsoil. 

Samples taken from several locations at the source.

Soil Amendments. 

A 4.5 kg  (10 pound) sample.

Mulch. 

 A 4.5 kg  (10 pound) sample.

SD-06 Test Reports
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Equipment Calibration 

Certification of calibration tests conducted on the equipment used in the 
seeding operation.

Soil Test. 

Certified reports of inspections and laboratory tests, prepared by an 
independent testing agency, including analysis and interpretation of test 
results.  Each report shall be properly identified.  Test methods used and 
compliance with recognized test standards shall be described.

SD-07 Certificates

Seed. 
Topsoil. 
pH Adjuster. 
Fertilizer. 
Organic Material. 
Soil Conditioner. 
Mulch. 
Asphalt Adhesive. 
Pesticide. 

Prior to the delivery of materials, certificates of compliance attesting 
that materials meet the specified requirements.  Certified copies of the 
material certificates shall include the following:

     a.  Seed.  Classification, botanical name, common name, 
percent pure live seed, minimum percent germination and hard seed, 
maximum percent weed seed content, and date tested.

     b.  Topsoil.  Particle size, pH, organic matter content, 
textural class, soluble salts, chemical and mechanical analyses.

     c.  pH Adjuster.  Calcium carbonate equivalent and sieve 
analysis.

     d.  Fertilizer.  Chemical analysis and composition percent.

     e.  Organic Material:  Composition and source.

     f.  Soil Conditioner:  Composition and source.

     g.  Mulch:  Composition and source.

     h.  Asphalt Adhesive:  Composition.

     i.  Pesticide.  EPA registration number and registered uses.

1.3   SOURCE INSPECTION

The source of delivered topsoil shall be subject to inspection.

1.4   DELIVERY, INSPECTION, STORAGE, AND HANDLING

1.4.1   Delivery
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A delivery schedule shall be provided at least 10 calendar days prior to 
the first day of delivery.

1.4.1.1   Delivered Topsoil

Prior to the delivery of any topsoil, its availability shall be verified in 
paragraph TOPSOIL.  A soil test shall be provided for topsoil delivered to 
the site.

1.4.1.2   Soil Amendments

Soil amendments shall be delivered to the site in the original, unopened 
containers bearing the manufacturer's chemical analysis.  In lieu of 
containers, soil amendments may be furnished in bulk.  A chemical analysis 
shall be provided for bulk deliveries.

1.4.1.3   Pesticides

Pesticide material shall be delivered to the site in the original, unopened 
containers bearing legible labels indicating the EPA registration number 
and the manufacturer's registered uses.

1.4.2   Inspection

Seed shall be inspected upon arrival at the job site for conformity to 
species and quality.  Seed that is wet, moldy, or bears a test date five 
months or older, shall be rejected.  Other materials shall be inspected for 
compliance with specified requirements.  The following shall be rejected:  
open soil amendment containers or wet soil amendments; topsoil that 
contains slag, cinders, stones, lumps of soil, sticks, roots, trash or 
other material over a minimum 25 mm (1 inch) diameter; and topsoil that 
contains viable plants and plant parts.  Unacceptable materials shall be 
removed from the job site.

1.4.3   Storage

Materials shall be stored in designated areas.  Seed, lime, and fertilizer 
shall be stored in cool, dry locations away from contaminants.  Chemical 
treatment material shall be stored according to manufacturer's instructions 
and not with seeding operation materials.

1.4.4   Handling

Except for bulk deliveries, materials shall not be dropped or dumped from 
vehicles.

1.4.5   Time Limitation

Hydroseeding time limitation for holding seed in the slurry shall be a 
maximum 24 hours.

PART 2   PRODUCTS

2.1   SEED

2.1.1   Seed Classification

State-certified State-approved seed of the latest season's crop shall be 
provided in original sealed packages bearing the producer's guaranteed 
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analysis for percentages of mixture, purity, germination, hard seed, weed 
seed content, and inert material.  Labels shall be in conformance with 
AMS-01 and applicable state seed laws.

2.1.2   Permanent Seed Species and Mixtures

Permanent seed species and mixtures shall be proportioned by weight as 
follows:

                                  Mixture Percent    Percent Pure
  Botanical Name   Common Name       by Weight         Live Seed
  ______________   ___________    _______________    ____________

LAWN SEED

Cynodon dactylon   Common Verumida   50 percent      90 percent

Evemochloa         Centipede         25 percent      90 percent
Ophiuroides        Grass

Lolium             Annual            25 percent      90 percent
Multiflourum       Rye Grass

2.1.3   Temporary Seed Species

Temporary seed species for surface erosion control or overseeding shall be 
as follows:

                                              Percent Pure
         Botanical Name      Common Name        Live Seed
         ______________      ___________      ____________

Lolium             Annual            25 percent      100 percent
Multiflourum       Rye Grass

2.1.4   Quality

Weed seed shall be a maximum 1 percent by weight of the total mixture.

2.1.5   Seed Mixing

The mixing of seed may be done by the seed supplier prior to delivery, or 
on site as directed.

2.1.6   Substitutions

Substitutions will not be allowed without written request and approval from 
the Contracting Officer.

2.2   TOPSOIL

Topsoil shall be as defined in ASTM D 5268.  When available, the topsoil 
shall be the existing surface soil stripped and stockpiled onsite in 
accordance with Section 02300 EARTHWORK.  When additional topsoil is 
required beyond the available topsoil from the stripping operation, topsoil 
shall be delivered and amended as recommended by the soil test for the seed 
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specified.  Topsoil shall be free from slag, cinders, stones, lumps of 
soil, sticks, roots, trash or other material over a minimum 40 mm (1-1/2 
inch) diameter.  Topsoil shall be free from viable plants and plant parts.

2.3   SOIL AMENDMENTS

Soil amendments shall consist of pH adjuster, fertilizer, organic material 
and soil conditioners meeting the following requirements.  Vermiculite 
shall not be used.

2.3.1   pH Adjuster 

The pH adjuster shall be an agricultural liming material in accordance with 
ASTM C 602.  These materials may be burnt lime, hydrated lime, ground 
limestone, sulfur, or shells.  The pH adjuster shall be used to create a 
favorable soil pH for the plant material specified.

2.3.1.1   Limestone

Limestone material shall contain a minimum calcium carbonate equivalent of 
80 percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 55 percent shall pass through a 0.250 mm (No. 
60 sieve).  To raise soil pH, ground limestone shall be used.

2.3.1.2   Hydrated Lime

Hydrated lime shall contain a minimum calcium carbonate equivalent of 110 
percent.  Gradation:  A minimum 100 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 97 percent shall pass through a 0.250 mm (No. 
60 sieve).

2.3.1.3   Burnt Lime

Burnt lime shall contain a minimum calcium carbonate equivalent of 140 
percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 35 percent shall pass through a 0.250 mm (No. 
60 sieve).

2.3.2   Fertilizer

It shall be as recommended by the soil test. Fertilizer shall be controlled 
release commercial grade, free flowing, uniform in composition, and consist 
of a nitrogen-phosphorus-potassium ratio.  The fertilizer shall be derived 
from sulphur coated urea, urea formaldehyde, plastic or polymer coated 
pills, or isobutylenediurea (IBDU).  Fertilizer shall be balanced with the 
inclusion of trace minerals and micro-nutrients.

2.3.3   Nitrogen Carrier Fertilizer

It shall be as recommended by the soil test Nitrogen carrier fertilizer 
shall be commercial grade, free flowing, and uniform in composition.  The 
fertilizer may be a liquid nitrogen solution.

2.3.4   Organic Material

Organic material shall consist of either bonemeal, rotted manure, 
decomposed wood derivatives, recycled compost, or worm castings.

2.3.4.1   Bonemeal
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Bonemeal shall be finely ground, steamed bone product containing from 2 to 
4 percent nitrogen and 16 to 40 percent phosphoric acid.

2.3.4.2   Rotted Manure

Rotted manure shall be unleached horse, chicken or cattle manure containing 
a maximum 25 percent by volume of straw, sawdust, or other bedding 
materials.  It shall contain no chemicals or ingredients harmful to plants. 
 The manure shall be heat treated to kill weed seeds and be free of stones, 
sticks, and soil.

2.3.4.3   Decomposed Wood Derivatives

Decomposed wood derivatives shall be ground bark, sawdust, yard trimmings, 
or other wood waste material that is free of stones, sticks, soil, and 
toxic substances harmful to plants, and is fully composted or stabilized 
with nitrogen.

2.3.4.4   Recycled Compost

Compost shall be a well decomposed, stable, weed free organic matter 
source.  Compost shall be derived from food; agricultural or industrial 
residuals; biosolids (treated sewage sludge); yard trimmings; or 
source-separated or mixed solid waste.  The compost shall possess no 
objectionable odors and shall not resemble the raw material from which it 
was derived.  The material shall not contain substances toxic to plants.  
Gradation:  The compost material shall pass through a 10 mm (3/8 inch) 
screen, possess a pH of 5.5 to 8.0, and have a moisture content between 
35-55 percent by weight.  The material shall not contain more than 1 
percent by weight of man-made foreign matter.  Compost shall be cleaned of 
plastic materials larger than 50 mm (2 inches) in length.

2.3.4.5   Worm Castings

Worm castings shall be screened from worms and food source, and shall be 
commercially packaged.

2.3.5   Soil Conditioner

Soil conditioner shall be sand, calcined clay, or gypsum for use singly or 
in combination to meet the requirements of the soil test.

2.3.5.1   Sand

Sand shall be clean and free of toxic materials.  Gradation:  A minimum 95 
percent by weight shall pass a 2 mm (No. 10 sieve) and a minimum 10 percent 
by weight shall pass a 1.18 mm (No. 16 sieve).  Greensand shall be balanced 
with the inclusion of trace minerals and nutrients.

2.3.5.2   Calcined Clay

Calcined clay shall be granular particles produced from montmorillonite 
clay calcined to a minimum temperature of 650 degrees C. (1200 degrees F).  
Gradation:  A minimum 90 percent shall pass a 2.36 mm (No. 8 sieve); a 
minimum 99 percent shall be retained on a 0.250 mm (No. 60 sieve); and a 
maximum 2 percent shall pass a 0.150 mm (No. 100 sieve).  Bulk density:  A 
maximum 640 kilogram per cubic meter (40 pounds per cubic foot).
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2.3.5.3   Gypsum

Gypsum shall be commercially packaged, free flowing, and a minimum 95 
percent calcium sulfate by volume.

2.3.5.4   Expanded Shale, Clay, or Slate (ESCS)

Rotary kiln produced ESCS material shall be in conformance with ASTM D 5883.

2.4   MULCH

Mulch shall be free from weeds, mold, and other deleterious materials.  
Mulch materials shall be native to the region.

2.4.1   Straw

Straw shall be stalks from oats, wheat, rye, barley, or rice, furnished in 
air-dry condition and with a consistency for placing with commercial 
mulch-blowing equipment.

2.4.2   Hay

Hay shall be native hay, sudan-grass hay, broomsedge hay, or other 
herbaceous mowings, furnished in an air-dry condition suitable for placing 
with commercial mulch-blowing equipment.

2.4.3   Wood Cellulose Fiber

Wood cellulose fiber shall not contain any growth or germination-inhibiting 
factors and shall be dyed an appropriate color to facilitate placement 
during application.  Composition on air-dry weight basis:  9 to 15 percent 
moisture, pH range from 4.5 to 6.0.

2.4.4   Paper Fiber

Paper fiber mulch shall be recycled news print that is shredded for the 
purpose of mulching seed.

2.5   ASPHALT ADHESIVE

Asphalt adhesive shall conform to the following:  Emulsified asphalt, 
conforming to ASTM D 977, Grade SS-1; and cutback asphalt, conforming to 
ASTM D 2028, Designation RC-70.

2.6   WATER

Water shall be the responsibility of the Contractor, unless otherwise 
noted.  Water shall not contain elements toxic to plant life.

2.7   PESTICIDE

Pesticide shall be insecticide, herbicide, fungicide, nematocide, 
rodenticide or miticide.  For the purpose of this specification, a soil 
fumigant shall have the same requirements as a pesticide.  The pesticide 
material shall be EPA registered and approved.

2.8   SURFACE EROSION CONTROL MATERIAL

Surface erosion control material shall conform to the following:
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2.8.1   Surface Erosion Control Blanket

Blanket shall be machine produced mat of wood excelsior formed from a web 
of interlocking wood fibers; covered on one side with either knitted straw 
blanket-like mat construction; covered with biodegradable plastic mesh; or 
interwoven biodegradable thread, plastic netting, or twisted kraft paper 
cord netting.

2.8.2   Surface Erosion Control Fabric

Fabric shall be knitted construction of polypropylene yarn with uniform 
mesh openings 19 to 25 mm (3/4 to 1 inch square) with strips of 
biodegradable paper.  Filler paper strips shall have a minimum life of 6 
months.

2.8.3   Surface Erosion Control Net

Net shall be heavy, twisted jute mesh, weighing approximately 605 grams per 
meter (1.22 pounds per linear yard) and 1200 mm (4 feet) wide with mesh 
openings of approximately 25 mm (1 inch square).

2.8.4   Surface Erosion Control Chemicals

Chemicals shall be high-polymer synthetic resin or cold-water emulsion of 
selected petroleum resins.

2.8.5   Hydrophilic Colloids

Hydrophilic colloids shall be physiologically harmless to plant and animal 
life without phytotoxic agents.  Colloids shall be naturally occurring, 
silicate powder based, and shall form a water insoluble membrane after 
curing.  Colloids shall resist mold growth.

2.8.6   Erosion Control Material Anchors

Erosion control anchors shall be as recommended by the manufacturer.

PART 3   EXECUTION

3.1   INSTALLING SEED TIME AND CONDITIONS

3.1.1   Seeding Conditions

Seeding operations shall be performed only during periods when beneficial 
results can be obtained.  When drought, excessive moisture, or other 
unsatisfactory conditions prevail, the work shall be stopped when directed. 
 When special conditions warrant a variance to the seeding operations, 
proposed alternate times shall be submitted for approval.

3.1.2   Equipment Calibration

Immediately prior to the commencement of seeding operations, calibration 
tests shall be conducted on the equipment to be used.  These tests shall 
confirm that the equipment is operating within the manufacturer's 
specifications and will meet the specified criteria.  The equipment shall 
be calibrated a minimum of once every day during the operation.  The 
calibration test results shall be provided within 1 week of testing.
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3.1.3   Soil Test

Delivered topsoil, existing soil in smooth graded areas, and stockpiled 
topsoil shall be tested in accordance with ASTM D 5268 and ASTM D 4972 for 
determining the particle size, pH, organic matter content, textural class, 
chemical analysis, soluble salts analysis, and mechanical analysis.  Sample 
collection on site shall be random over the entire site.  Sample collection 
for stockpiled topsoil shall be at different levels in the stockpile.  The 
soil shall be free from debris, noxious weeds, toxic substances, or other 
materials harmful to plant growth.  The test shall determine the quantities 
and type of soil amendments required to meet local growing conditions for 
the seed species specified.

3.2   SITE PREPARATION

3.2.1   Finished Grade and Topsoil

The Contractor shall verify that finished grades are as indicated on 
drawings, and the placing of topsoil, smooth grading, and compaction 
requirements have been completed in accordance with Section 02300 
EARTHWORK, prior to the commencement of the seeding operation.

3.2.2   Application of Soil Amendments

3.2.2.1   Applying pH Adjuster

The pH adjuster shall be applied as recommended by the soil test.  The pH 
adjuster shall be incorporated into the soil to a maximum 5 mm (6 inch) 
depth or may be incorporated as part of the tillage operation.

3.2.2.2   Applying Fertilizer

The fertilizer shall be applied as recommended by the soil test Fertilizer 
shall be incorporated into the soil to a maximum 5 mm (6 inch) depth or may 
be incorporated as part of the tillage or hydroseeding operation.

3.2.2.3   Applying Soil Conditioner

The soil conditioner shall be as recommended by the soil test. The soil 
conditioner shall be spread uniformly over the soil a minimum 25 mm (1 
inch) depth and thoroughly incorporated by tillage into the soil to a 
maximum 5 mm (6 inch) depth.

3.2.2.4   Applying Super Absorbent Polymers

Polymers shall be spread uniformly over the soil as recommended by the 
manufacturer and thoroughly incorporated by tillage into the soil to a 
maximum 100 mm (4 inch) depth.

3.2.3   Tillage

Soil on slopes up to a maximum 3-horizontal-to-1-vertical shall be tilled 
to a minimum 100 mm (4 inch) depth.  On slopes between 
3-horizontal-to-1-vertical and 1-horizontal-to-1 vertical, the soil shall 
be tilled to a minimum 50 mm (2 inch) depth by scarifying with heavy rakes, 
or other method.  Rototillers shall be used where soil conditions and 
length of slope permit.  On slopes 1-horizontal-to-1 vertical and steeper, 
no tillage is required.  Drainage patterns shall be maintained as indicated 
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on drawings.  Areas compacted by construction operations shall be 
completely pulverized by tillage.  Soil used for repair of surface erosion 
or grade deficiencies shall conform to topsoil requirements.  The pH 
adjuster, fertilizer, and soil conditioner may be applied during this 
procedure.

3.2.4   Prepared Surface

3.2.4.1   Preparation

The prepared surface shall be a maximum 25 mm (1 inch) below the adjoining 
grade of any surfaced area.  New surfaces shall be blended to existing 
areas.  The prepared surface shall be completed with a light raking to 
remove debris.

3.2.4.2   Lawn Area Debris

Debris and stones over a minimum 13 mm (1/2 inch) in any dimension shall be 
removed from the surface.

3.2.4.3   Field Area Debris

Debris and stones over a minimum 75 mm (3 inch) in any dimension shall be 
removed from the surface.

3.2.4.4   Protection

Areas with the prepared surface shall be protected from compaction or 
damage by vehicular or pedestrian traffic and surface erosion.

3.3   INSTALLATION

Prior to installing seed, any previously prepared surface compacted or 
damaged shall be reworked to meet the requirements of paragraph SITE 
PREPARATION.  Seeding operations shall not take place when the wind 
velocity will prevent uniform seed distribution.

3.3.1   Installing Seed

Seeding method shall be Hydroseeding.  Seeding procedure shall ensure even 
coverage.  Gravity feed applicators, which drop seed directly from a hopper 
onto the prepared soil, shall not be used because of the difficulty in 
achieving even coverage, unless otherwise approved.  Absorbent polymer 
powder shall be mixed with the dry seed at the rate recommended by the 
manufacturer.

3.3.2   Hydroseeding

Seed shall be mixed to ensure broadcast at the rate of 50 kilograms per 
hectare (2 pounds per 1000 square feet).  Seed and fertilizer shall be 
added to water and thoroughly mixed to meet the rates specified.  The time 
period for the seed to be held in the slurry shall be a maximum 24 hours.  
Wood cellulose fiber mulch and tackifier shall be added at the rates 
recommended by the manufacturer after the seed, fertilizer, and water have 
been thoroughly mixed to produce a homogeneous slurry.  Slurry shall be 
uniformly applied under pressure over the entire area.  The hydroseeded 
area shall not be rolled.

3.3.3   Mulching
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3.3.3.1   Wood Cellulose Fiber, Paper Fiber, and Recycled Paper

Wood cellulose fiber, paper fiber, or recycled paper shall be applied as 
part of the hydroseeding operation.  The mulch shall be mixed and applied 
in accordance with the manufacturer's recommendations.

3.3.4   Watering Seed

Watering shall be started immediately after completing the seeding of an 
area.  Water shall be applied to supplement rainfall at a rate sufficient 
to ensure moist soil conditions to a minimum 25 mm (1 inch) depth.  Run-off 
and puddling shall be prevented.  Watering trucks shall not be driven over 
turf areas, unless otherwise directed.  Watering of other adjacent areas or 
plant material shall be prevented.

3.4   SURFACE EROSION CONTROL

3.4.1   Surface Erosion Control Material

Where indicated or as directed, surface erosion control material shall be 
installed in accordance with manufacturer's instructions.  Placement of the 
material shall be accomplished without damage to installed material or 
without deviation to finished grade.

3.4.2   Temporary Seeding

The application rate shall be 50 kilograms per square hectare (2 pounds per 
1000 square ft.  When directed during contract delays affecting the seeding 
operation or when a quick cover is required to prevent surface erosion, the 
areas designated shall be seeded in accordance with temporary seed species 
listed under Paragraph SEED.

3.4.2.1   Soil Amendments

When soil amendments have not been applied to the area, the quantity of 1/2 
of the required soil amendments shall be applied and the area tilled in 
accordance with paragraph SITE PREPARATION.  The area shall be watered in 
accordance with paragraph Watering Seed.

3.4.2.2   Remaining Soil Amendments

The remaining soil amendments shall be applied in accordance with the 
paragraph Tillage when the surface is prepared for installing seed.

3.5   QUANTITY CHECK

For materials provided in bags, the empty bags shall be retained for 
recording the amount used.  For materials provided in bulk, the weight 
certificates shall be retained as a record of the amount used.  The amount 
of material used shall be compared with the total area covered to determine 
the rate of application used.  Differences between the quantity applied and 
the quantity specified shall be adjusted as directed.

3.6   APPLICATION OF PESTICIDE

When application of a pesticide becomes necessary to remove a pest or 
disease, a pesticide treatment plan shall be submitted and coordinated with 
the installation pest management program.
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3.6.1   Technical Representative

The certified installation pest management coordinator shall be the 
technical representative, and shall be present at all meetings concerning 
treatment measures for pest or disease control.  They may be present during 
treatment application.

3.6.2   Application

A state certified applicator shall apply required pesticides in accordance 
with EPA label restrictions and recommendations.  Clothing and personal 
protective equipment shall be used as specified on the pesticide label.  A 
closed system is recommended as it prevents the pesticide from coming into 
contact with the applicator or other persons.  Water for formulating shall 
only come from designated locations.  Filling hoses shall be fitted with a 
backflow preventer meeting local plumbing codes or standards.  Overflow 
shall be prevented during the filling operation.  Prior to each day of use, 
the equipment used for applying pesticide shall be inspected for leaks, 
clogging, wear, or damage.  Any repairs are to be performed immediately.  A 
pesticide plan shall be submitted.

3.7   RESTORATION AND CLEAN UP

3.7.1   Restoration

Existing turf areas, pavements, and facilities that have been damaged from 
the seeding operation shall be restored to original condition at 
Contractor's expense.

3.7.2   Clean Up

Excess and waste material shall be removed from the seeded areas and shall 
be disposed offsite.  Adjacent paved areas shall be cleaned.

3.8   PROTECTION OF INSTALLED AREAS

Immediately upon completion of the seeding operation in an area, the area 
shall be protected against traffic or other use by erecting barricades and 
providing signage as required, or as directed.  Signage shall be in 
accordance with Section 10430 EXTERIOR SIGNAGE.

3.9   SEED ESTABLISHMENT PERIOD

3.9.1   Commencement

The seed establishment period to obtain a healthy stand of grass plants 
shall begin on the first day of work under this contract and shall end 3 
months after the last day of the seeding operation.  Written calendar time 
period shall be furnished for the seed establishment period.  When there is 
more than 1 seed establishment period, the boundaries of the seeded area 
covered for each period shall be described.  The seed establishment period 
shall be coordinated with Sections 02930 EXTERIOR PLANTING.  The seed 
establishment period shall be modified for inclement weather, shut down 
periods, or for separate completion dates of areas.

3.9.2   Satisfactory Stand of Grass Plants

Grass plants shall be evaluated for species and health when the grass 
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plants are a minimum 25 mm (1 inch high).

3.9.2.1   Lawn Area

A satisfactory stand of grass plants from the seeding operation for a lawn 
area shall be a minimum 200 grass plants per square meter (20 grass plants 
per square foot).  Bare spots shall be a maximum 100 mm (4 inches square).  
The total bare spots shall be a maximum 2 percent of the total seeded area.

3.9.3   Maintenance During Establishment Period

Maintenance of the seeded areas shall include eradicating weeds, insects 
and diseases; protecting embankments and ditches from surface erosion; 
maintaining erosion control materials and mulch; protecting installed areas 
from traffic; mowing; watering; and post-fertilization.

3.9.3.1   Mowing

a.  Lawn Areas:  Lawn areas shall be mowed to a minimum 75 mm (3 inch) 
height when the turf is a maximum 100 mm (4 inches) high.  
Clippings shall be removed when the amount cut prevents sunlight 
from reaching the ground surface.

3.9.3.2   Post-Fertilization

The fertilizer shall be applied as recommended by the soil test The 
application shall be made without burning the installed grass plants.

3.9.3.3   Pesticide Treatment

Treatment for disease or pest shall be in accordance with paragraph 
APPLICATION OF PESTICIDE.

3.9.3.4   Repair or Reinstall

Unsatisfactory stand of grass plants and mulch shall be repaired or 
reinstalled, and eroded areas shall be repaired in accordance with 
paragraph SITE PREPARATION.

3.9.3.5   Maintenance Record

A record of each site visit shall be furnished, describing the maintenance 
work performed; areas repaired or reinstalled; and diagnosis for 
unsatisfactory stand of grass plants.

    -- End of Section --
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SECTION 02930

EXTERIOR PLANTING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NURSERY AND LANDSCAPE ASSOCIATION (ANLA)

ANLA Z60.1 (1996) Nursery Stock

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A300 (1995) Tree Care Operations - Trees, 
Shrubs and other Woody Plant Maintenance

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 602 (1995a) Agricultural Liming Materials

ASTM D 4972 (1995a) pH of Soils

ASTM D 5034 (1995) Breaking Strength and Elongation of 
Textile Fabrics (Grab Test)

ASTM D 5035 (1995) Breaking Force and Elongation of 
Textile Fabrics (Strip Method)

ASTM D 5268 (1992; R 1996) Topsoil Used for 
Landscaping Purposes

ASTM D 5883 (1996el) Use of Rotary Kiln Produced 
Expanded Shale, Clay or Slate (ESCS) as a 
Mineral Amendment in Topsoil Used for 
Landscaping and Related Purposes

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Shop Drawings

  Scale drawings defining areas to receive plant materials.
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Finished Grade, Topsoil and Underground Utilities.

  Finished grade status; location of underground utilities and 
facilities; and availability of topsoil from the stripping and 
stock piling operation.

SD-03 Product Data

Geotextile.

Chemical Treatment Material.

  Manufacturer's literature including physical characteristics, 
application and installation instructions for geotextile and 
chemical treatment material.

Equipment.

  A listing of equipment to be used for the planting operation.

Delivery.

  Delivery schedule.

Plant Establishment Period.

  Calendar time period for the plant establishment period.  When 
there is more than one establishment period, the boundaries of the 
planted areas covered for each period shall be described.

Maintenance Record.

  Maintenance work performed, quantity of plant losses, and 
replacements; and diagnosis of unhealthy plant material.

Application of Pesticide.

  Pesticide treatment plan with sequence of treatment work with 
dates and times.  The pesticide trade name, EPA registration 
number, chemical composition, formulation, concentration of 
original and diluted material, application rate of active 
ingredients, method of application, area treated, amount applied; 
and the name and state license number of the state certified 
applicator shall be included.

SD-04 Samples

Delivered Topsoil.

  Samples taken from several locations at the source.

Soil Amendments 

  A 4.5 kg (10 pound) sample.

Mulch. 

  A 4.5 kg (10 pound) sample.
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Geotextile. 

  A 150 mm  (6 inch) square sample.

SD-06 Test Reports

Soil Test 

  Certified reports of inspections and laboratory tests, prepared 
by an independent testing agency, including analysis and 
interpretation of test results.  Each report shall be properly 
identified.  Test methods used and compliance with recognized test 
standards shall be described.

SD-07 Certificates

Plant Material. 
Topsoil. 
pH Adjuster. 
Fertilizer. 
Organic Material. 
Soil Conditioner. 
Organic Mulch. 
Pesticide. 

  Prior to delivery of materials, certificates of compliance 
attesting that materials meet the specified requirements.  
Certified copies of the material certificates shall include the 
following.

     a.  Plant Material:  Classification, botanical name, common 
name, size, quantity by species, and location where grown.

     b.  Topsoil:  Particle size, pH, organic matter content, 
textural class, soluble salts, chemical and mechanical analyses.

     c.  pH Adjuster:  Sieve analysis and calcium carbonate 
equivalent.

     d.  Fertilizer:  Chemical analysis and composition percent.

     e.  Organic Material:  Composition and source.

     f.  Soil Conditioner:  Composition and source.

     g.  Organic Mulch:  Composition, source, and treatment 
against fungi growth.

     h.  Mycorrhizal Fungi Inoculum:  Plant material treated.

     i.  Pesticide.  EPA registration number and registered uses.

SD-10 Operation and Maintenance Data

Maintenance Instructions. 

  Instruction for year-round care of installed plant material.
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1.3   SOURCE INSPECTIONS

The nursery or source of plant material and the source of delivered topsoil 
shall be subject to inspection.

1.4   DELIVERY, INSPECTION, STORAGE, AND HANDLING

1.4.1   Delivery

A delivery schedule shall be provided at least 10 calendar days prior to 
the first day of delivery.

1.4.1.1   Plant Material Identification

Plant material shall be identified with attached, durable, waterproof 
labels and weather-resistant ink, stating the correct botanical plant name 
and size.

1.4.1.2   Protection During Delivery

Plant material shall be protected during delivery to prevent desiccation 
and damage to the branches, trunk, root system, or earth ball.  Branches 
shall be protected by tying-in.  Exposed branches shall be covered during 
transport.

1.4.1.3   Delivered Topsoil

Prior to the delivery of any topsoil, the availability of topsoil shall be 
verified in paragraph TOPSOIL.  A soil test shall be provided for delivered 
topsoil.

1.4.1.4   Soil Amendments

Soil amendments shall be delivered to the site in the original, unopened 
containers bearing the manufacturer's chemical analysis.  In lieu of 
containers, soil amendments may be furnished in bulk.  A chemical analysis 
shall be provided for bulk deliveries.

1.4.1.5   Pesticide Material

Pesticide material shall be delivered to the site in the original, unopened 
containers bearing legible labels indicating the Environmental Protection 
Agency (EPA) registration number and the manufacturer's registered uses.

1.4.2   Inspection

Plant material shall be well shaped, vigorous and healthy with a healthy, 
well branched root system, free from disease, harmful insects and insect 
eggs, sun-scald injury, disfigurement or abrasion.  Plant material shall be 
checked for unauthorized substitution and to establish nursery grown 
status.  Plant material showing desiccation, abrasion, sun-scald injury, 
disfigurement, or unauthorized substitution shall be rejected.  The plant 
material shall exhibit typical form of branch to height ratio; and meet the 
caliper and height measurements specified.  Plant material that measures 
less than specified, or has been poled, topped off or headed back, shall be 
rejected.  Container-grown plant material shall show new fibrous roots and 
the root mass shall contain its shape when removed from the container.  
Plant material with broken or cracked balls; or broken containers shall be 
rejected.  Bare-root plant material that is not dormant or is showing roots 
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were pulled from the ground shall be rejected.  Other materials shall be 
inspected for compliance with paragraph PRODUCTS.  Open soil amendment 
containers or wet soil amendments shall be rejected.  Topsoil that contains 
slag, cinders, stones, lumps of soil, sticks, roots, trash or other 
material larger than 25 mm (1 inch) diameter shall be rejected.  Topsoil 
that contains viable plant material and plant parts shall be rejected.  
Unacceptable material shall be removed from the job site.

1.4.3   Storage

1.4.3.1   Plant Material Storage

Plant material not installed on the day of arrival at the site shall be 
stored and protected in designated areas.  Plant material shall not be 
stored longer than 30 days.  Plant material shall be protected from direct 
exposure to wind and sun.  Bare-root plant material shall be heeled-in.  
All plant material shall be kept in a moist condition by watering with a 
fine mist spray until installed.

1.4.3.2   Other Material Storage

Storage of other material shall be in designated areas.  Soil amendments 
shall be stored in dry locations and away from contaminants.  Chemical 
treatment material shall be stored according to manufacturer's instructions 
and not with planting operation material.

1.4.4   Handling

Plant material shall not be injured in handling.  Cracking or breaking the 
earth ball of balled and burlapped plant material shall be avoided.  Plant 
material shall not be handled by the trunk or stems.  Materials shall not 
be dropped from vehicles.

1.4.5   Time Limitation

Except for container-grown plant material, the time limitation from digging 
to installing plant material shall be a maximum 90 days.  The time 
limitation between installing the plant material and placing the mulch 
shall be a maximum 24 hours.

1.5   WARRANTY

Furnished plant material shall have a warranty for plant growth to be in a 
vigorous growing condition for a minimum 12 month period.  A minimum 12 
month calendar time period for the warranty of plant growth shall be 
provided regardless of the contract time period.  When plant material is 
determined to be unhealthy in accordance with paragraph PLANT ESTABLISHMENT 
PERIOD, it shall be replaced once under this warranty.

PART 2   PRODUCTS

2.1   PLANT MATERIAL

2.1.1   Plant Material Classification

The plant material shall be nursery grown stock conforming to ANLA Z60.1 
and shall be the species specified.

2.1.2   Plant Schedule
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The plant schedule shall provide botanical names as included in one or more 
of the publications listed under "Nomenclature" in ANLA Z60.1.

2.1.3   Substitutions

Substitutions will not be permitted without written request and approval 
from the Contracting Officer.

2.1.4   Quality

Well shaped, well grown, vigorous plant material having healthy and well 
branched root systems in accordance with ANLA Z60.1 shall be provided.  
Plant material shall be provided free from disease, harmful insects and 
insect eggs, sun-scald injury, disfigurement and abrasion.  Plant material 
shall be free of shock or damage to branches, trunk, or root systems, which 
may occur from the digging and preparation for shipment, method of 
shipment, or shipment.  Plant quality is determined by the growing 
conditions; method of shipment to maintain health of the root system; and 
growth of the trunk and crown as follows.

2.1.5   Growing Conditions

Plant material shall be native to or well-suited to the growing conditions 
of the project site.  Plant material shall be grown under climatic 
conditions similar to those at the project site.

2.1.6   Method of Shipment to Maintain Health of Root System

2.1.6.1   Container-Grown (C) Plant Material

Container size shall be in accordance with ANLA Z60.1.  Plant material 
shall be grown in a container over a duration of time for new fibrous roots 
to have developed and for the root mass to retain its shape and hold 
together when removed from the container.  The container shall be 
sufficiently rigid to hold ball shape and protect root mass during shipping.

2.1.7   Growth of Trunk and Crown

2.1.7.1   Deciduous Trees

A height to caliper relationship shall be provided in accordance with ANLA 
Z60.1.  Height of branching shall bear a relationship to the size and 
species of tree specified and with the crown in good balance with the 
trunk.  The trees shall not be "poled" or the leader removed.

a.  Single stem:  The trunk shall be reasonably straight and 
symmetrical with crown and have a persistent main leader.

b.  Multi-stem:  All countable stems, in aggregate, shall average the 
size specified.  To be considered a stem, there shall be no 
division of the trunk which branches more than 150 mm (6 inches) 
from ground level.

c.  Specimen:  The tree provided shall be well branched and pruned 
naturally according to the species.  The form of growth desired, 
which may not be in accordance with natural growth habit, shall be 
as indicated.
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2.1.7.2   Palms

Palms shall have the specified height as measured from the base of the 
trunk to the base of the fronds or foliage in accordance with ANLA Z60.1.  
The palm shall have straight trunk and healthy fronds or foliage as typical 
for the variety grown in the region of the project.  Palms trimmed or 
pruned for delivery shall retain a minimum of 150 mm (6 inches) of foliage 
at the crown as a means of determining plant health.

2.1.7.3   Deciduous Shrubs

Deciduous shrubs shall have the height and number of primary stems 
recommended by ANLA Z60.1.  Acceptable plant material shall be well shaped, 
with sufficient well-spaced side branches, and recognized by the trade as 
typical for the species grown in the region of the project.

2.1.7.4   Ground Cover and Vine Plant Material

Ground cover and vine plant material shall have the minimum number of 
runners and length of runner recommended by ANLA Z60.1.  Plant material 
shall have heavy, well developed and balanced crown with vigorous, well 
developed root system and shall be furnished in containers.

2.1.8   Plant Material Size

Plant material shall be furnished in sizes indicated.  Plant material 
larger in size than specified may be provided at no additional cost to the 
Government.

2.1.9   Plant Material Measurement

Plant material measurements shall be in accordance with ANLA Z60.1.

2.2   TOPSOIL

Topsoil shall be as defined in ASTM D 5268.  When available, the topsoil 
shall be the existing surface soil stripped and stockpiled onsite in 
accordance with Section 02300 EARTHWORK.  When additional topsoil is 
required beyond the available topsoil from the stripping operation, topsoil 
shall be delivered and amended as recommended by the soil test for the 
plant material specified.  Topsoil shall be free from slag, cinders, 
stones, lumps of soil, sticks, roots, trash or other material over a 
minimum 40 mm (1-1/2 inch) diameter.  Topsoil shall be free from viable 
plants and plant parts.

2.3   SOIL AMENDMENTS

Soil amendments shall consist of pH adjuster, fertilizer, organic material 
and soil conditioners meeting the following requirements.  

2.3.1   pH Adjuster

The pH adjuster shall be an agricultural liming material in accordance with 
ASTM C 602.  These materials may be burnt lime, hydrated lime, ground 
limestone, or shells.  The pH adjuster shall be used to create a favorable 
soil pH for the plant material specified.

2.3.1.1   Limestone
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Limestone material shall contain a minimum calcium carbonate equivalent of 
80 percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 55 percent shall pass through a 0.25 mm (No. 60 
sieve).  To raise soil pH, ground limestone shall be used.

2.3.1.2   Hydrated Lime

Hydrated lime shall contain a minimum calcium carbonate equivalent of 110 
percent.  Gradation:  A minimum 100 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 97 percent shall pass through a 0.25 mm  (No. 
60 sieve).

2.3.1.3   Burnt Lime

Burnt lime shall contain a minimum calcium carbonate equivalent of 140 
percent.  Gradation:  A minimum 95 percent shall pass through a 2.36 mm 
(No. 8 sieve) and a minimum 35 percent shall pass through a 0.25 mm (No. 60 
sieve).

2.3.2   Fertilizer

It shall be as recommended by the soil test. Fertilizer shall be controlled 
release commercial grade; free flowing, pellet or tablet form; uniform in 
composition; and consist of a nitrogen-phosphorus-potassium ratio.  The 
fertilizer shall be derived from sulphur coated urea, urea formaldehyde, 
plastic or polymer coated pills, or isobutylenediurea (IBDU).  Fertilizer 
shall be balanced with the inclusion of trace minerals and micro-nutrients.

2.3.3   Organic Material

Organic material shall consist of either bonemeal, peat, rotted manure, 
decomposed wood derivatives, recycled compost, or worm castings.

2.3.3.1   Bonemeal

Bonemeal shall be a finely ground, steamed bone product containing from 2 
to 4 percent nitrogen and 16 to 40 percent phosphoric acid.

2.3.3.2   Rotted Manure

Rotted manure shall be unleached horse, chicken, or cattle manure 
containing a maximum 25 percent by volume of straw, sawdust, or other 
bedding materials.  Manure shall contain no chemicals or ingredients 
harmful to plants.  The manure shall be heat treated to kill weed seeds and 
shall be free of stones, sticks, and soil.

2.3.3.3   Decomposed Wood Derivatives

Decomposed wood derivatives shall be ground bark, sawdust, or other wood 
waste material free of stones, sticks, and toxic substances harmful to 
plants, and stabilized with nitrogen.

2.3.3.4   Recycled Compost

Compost shall be a well decomposed, stable, weed free organic matter 
source.  It shall be derived from food, agricultural, or industrial 
residuals; biosolids (treated sewage sludge); yard trimmings; or 
source-separated or mixed solid waste.  The compost shall possess no 
objectionable odors and shall not resemble the raw material from which it 
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was derived.  The material shall not contain substances toxic to plants.  
Gradation:  The compost material shall pass through a 10 mm (3/8 inch) 
screen, possess a pH of 5.5 to 8.0, and have a moisture content between 
35-55 percent by weight.  The material shall not contain more than 1 
percent or less by weight of man-made foreign matter. Compost shall be 
cleaned of plastic materials larger than 50 mm (2 inches) in length.

2.3.3.5   Worm Castings

Worm castings shall be screened from worms and food source and shall be 
commercially packaged.

2.3.4   Soil Conditioner

Soil conditioner shall be sand, calcined clay, or gypsum for single use or 
in combination to meet topsoil requirements for the plant material 
specified as recommended by soils analysis..

2.3.4.1   Sand

Sand shall be clean and free of toxic materials.  Gradation:  A minimum 95 
percent by weight shall pass a 2 mm (No. 10) sieve and a minimum 10 percent 
by weight shall pass a 1.18 mm (No. 16) sieve.  Greensand shall be balanced 
with the inclusion of trace minerals and nutrients.

2.3.4.2   Calcined Clay

Granular particles shall be produced from montmorillonite clay calcined to 
minimum temperature of 650 degrees C. (1200 degrees F).  Gradation:  A 
minimum 90 percent passing 2.36 mm (No. 8 sieve); a minimum 99 percent 
shall be retained on 0.25 mm (No. 60 sieve); and a maximum 2 percent shall 
pass a 0.15 mm (No. 100 sieve).  Bulk density:  A maximum 640 kilogram per 
cubic meter (40 pounds per cubic foot).

2.3.4.3   Gypsum

Gypsum shall be commercially packaged, free flowing, and a minimum 95 
percent calcium sulfate by volume.

2.3.4.4   Expanded Shale, Clay, or Slate (ESCS)

Rotary kiln produced ESCS material shall be in conformance with ASTM D 5883.

2.4   MULCH

Mulch shall be free from weeds, mold, and other deleterious materials.  
Mulch materials shall be native to the region.  Rotted manure is not 
recommended to be used as a mulch because it would encourage surface 
rooting of the plant material and weeds.

2.4.1   Inorganic Mulch

When inorganic mulch is required for decorative purposes, it shall be 
provided in areas designated, and consist of:

b.  crusher run rock ranging in size from 25 to 100 mm (1/2 to 2inches)

2.4.2   Organic Mulch
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Organic mulch materials shall be native to the project site and consist of 
recycled mulch, shredded bark, wood chips, or ground bark.

2.4.2.1   Recycled Mulch

Recycled mulch may include compost, tree trimmings, or pine needles with a 
gradation that passes through a 65 x 65 mm (2-1/2 x 2-1/2 inch) screen.  It 
shall be cleaned of all sticks a minimum 25 mm (1 inch) in diameter and 
plastic materials a minimum 75 mm (3 inch) length.  The material shall be 
treated to retard the growth of mold and fungi.  Other recycled mulch may 
include peanut shells, pecan shells or coco bean shells.

2.4.2.2   Shredded Bark

Locally shredded material shall be treated to retard the growth of mold and 
fungi.

2.4.2.3   Wood Chips and Ground Bark

Locally chipped or ground material shall be treated to retard the growth of 
mold and fungi.  Gradation:  A maximum 50 mm (2 inch) wide by 100 mm (4 
inch) long.

2.5   GEOTEXTILE

Geotextile shall be woven or nonwoven; polypropylene, polyester, or 
fiberglass, mat in accordance with ASTM D 5034 or ASTM D 5035.  It shall be 
made specifically for use as a fabric around plant material.  Nominal 
weight shall be a minimum 120 grams per square meter (4 ounces per square 
yard).  Permeability rate shall be a minimum 1 mm (0.04 inch per second).

2.6   WOOD STAKING MATERIAL

Wood stakes shall be hardwood or fir; rough sawn; free from knots, rot, 
cross grain, or other defects that would impair their strength.

2.6.1   Bracing Stake

Wood bracing stakes shall be a minimum 50 x 50 mm (2 x 2) inch square and a 
minimum 2400 mm (8 feet) long with a point at one end.  Stake shall be set 
without damaging rootball.

2.6.2   Wood Ground Stakes

Wood ground stakes shall be a minimum of 50 x 50 mm (2 x 2 inch) square and 
a minimum 900 mm (3 feet) long with a point at one end.

2.6.3   Deadmen

Wood deadmen shall be a minimum 100 x 100 x 900 mm (4 x 4 x 36) inches long.

2.7   METAL STAKING AND GUYING MATERIAL

Metal shall be aluminum or steel consisting of recycled content made for 
holding plant material in place.

2.7.1   Bracing Stakes

Metal bracing stakes shall be a minimum 25 mm (1 inch) diameter and a 
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minimum 2400 mm (8 feet) long.  Stake shall be set without damaging 
rootball.

2.7.2   Metal Ground Stakes

Metal ground stakes shall be a minimum 13 mm (1/2 inch) diameter and a 
minimum 900 mm (3 feet) long.

2.7.3   Earth Anchor

Metal earth anchors shall be a minimum 13 mm (1/2 inch) diameter and a 
minimum 600 mm (2 feet) long.

2.7.4   Guying Material

Metal guying material shall be a minimum 12 gauge wire.  Multi-strand cable 
shall be woven wire.  Guying material tensile strength shall conform to the 
size of tree to be held firmly in place.

2.7.5   Turnbuckle

Metal turnbuckles shall be galvanized or cadmium-plated steel, and shall be 
a minimum 75 mm (3 inches) long with closed screw eyes on each end.  Screw 
thread tensile strength shall conform to the size of tree to be held firmly 
in place.

2.8   PLASTIC STAKING AND GUYING MATERIAL

Plastic shall consist of recycled plastic product made for holding plant 
material firmly in place.  Plastic shall not be used for deadmen.

2.8.1   Plastic Bracing Stake

Plastic bracing stakes shall be a minimum 50 mm (2 inch) diameter and a 
minimum 2400 mm (8 feet) long.  Stake shall be set without damaging 
rootball.

2.8.2   Plastic Ground Stakes

Plastic ground stakes shall be a minimum 50 mm (1 inch) diameter and a 
minimum 900 mm (3 feet) long.

2.8.3   Plastic Guying Material

Plastic guying material shall be designed specifically for the purpose of 
firmly holding plant material in high wind velocities.

2.8.4   Chafing Guard

Plastic chafing guards shall be used to protect tree trunks and branches 
when metal is used as guying material.  The material shall be the same 
color throughout the project site.  Length shall be a minimum 1.5 times the 
circumference of the plant trunk at its base.

2.9   RUBBER GUYING MATERIAL

Rubber chafing guards, consisting of recycled material, shall be used to 
protect tree trunks and branches when metal guying material is applied.  
The material shall be the same color throughout the project.  Length shall 
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be a minimum 1.5 times the circumference of the plant trunk at its base.

2.10   FLAG

Plastic flag material shall be used on guying material.  It shall be a 
minimum 150 mm (6 inches) long.  Tape color shall be consistent and 
visually complimentary to the entire project area.  The tape color shall 
meet pedestrian visual safety requirements for day and night.

2.11   TREE ROOT BARRIERS

Tree root barriers shall be metal or plastic consisting of recycled 
content.  Barriers shall utilize vertical stabilizing members to encourage 
downward tree root growth.  Barriers shall limit, by a minimum 90 percent, 
the occurrence of surface roots.  Tree root barriers which are designed to 
be used as plant pit liners will be rejected.

2.12   WATER

Unless otherwise directed, water shall be the responsibility of the 
Contractor.  Water shall not contain elements toxic to plant life.

2.13   PESTICIDE

Pesticide shall be insecticide, herbicide, fungicide, nematocide, 
rodenticide or miticide.  For the purpose of this specification a soil 
fumigant shall have the same requirements as a pesticide.  The pesticide 
material shall be EPA registered and approved.

PART 3   EXECUTION

3.1   INSTALLING PLANT MATERIAL CONDITIONS

3.1.1   Plant Material Conditions

Planting operations shall be performed only during periods when beneficial 
results can be obtained.  When drought, excessive moisture, or other 
unsatisfactory conditions prevail, the work shall be stopped when directed. 
 When special conditions warrant a variance to the planting operations, 
proposed planting times shall be submitted for approval.

3.1.2   Tests

3.1.2.1   Percolation Test

Test for percolation shall be done to determine positive drainage of plant 
pits and beds.  A positive percolation shall consist of a minimum 25 mm (1 
inch) per 3 hours; when a negative percolation test occurs, a shop drawing 
shall be submitted indicating the corrective measures.

3.1.2.2   Soil Test

Delivered topsoil, excavated plant pit soil, and stockpiled topsoil shall 
be tested in accordance with ASTM D 5268 and ASTM D 4972 for determining 
the particle size, pH, organic matter content, textural class, chemical 
analysis, soluble salts analysis, and mechanical analysis.  Sample 
collection onsite shall be random over the entire site.  Sample collection 
for stockpiled topsoil shall be at different levels in the stockpile.  The 
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soil shall be free from debris, noxious weeds, toxic substances, or other 
materials harmful to plant growth.  The test shall determine the quantities 
and type of soil amendments required to meet local growing conditions for 
the plant material specified.

3.2   SITE PREPARATION

3.2.1   Finished Grade, Topsoil and Underground Utilities

The Contractor shall verify that finished grades are as indicated on 
drawings, and that the placing of topsoil, the smooth grading, and the 
compaction requirements have been completed in accordance with Section 02300
 EARTHWORK, prior to the commencement of the planting operation.  The 
location of underground utilities and facilities in the area of the 
planting operation shall be verified.  Damage to underground utilities and 
facilities shall be repaired at the Contractor's expense.

3.2.2   Layout

Plant material locations and bed outlines shall be staked on the project 
site before any excavation is made.  Plant material locations may be 
adjusted to meet field conditions.

3.2.3   Protecting Existing Vegetation

When there are established lawns in the planting area, the turf shall be 
covered and/or protected during planting operations.  Existing trees, 
shrubs, and plant beds that are to be preserved shall be barricaded along 
the dripline to protect them during planting operations.

3.3   EXCAVATION

3.3.1   Obstructions Below Ground

When obstructions below ground affect the work, shop drawings showing 
proposed adjustments to plant material location, type of plant and planting 
method shall be submitted for approval.

3.3.2   Turf Removal

Where the planting operation occurs in an existing lawn area, the turf 
shall be removed from the excavation area to a depth that will ensure the 
removal of the entire root system.

3.3.3   Plant Pits

Plant pits for container plant material shall be dug to a depth equal to 
the height of the root ball as measured from the base of the ball to the 
base of the plant trunk.  Plant pits for bare-root plant material shall be 
dug to a depth equal to the height of the root system.  Plant pits shall be 
dug a minimum 50 percent wider than the ball or root system to allow for 
root expansion.  The pit shall be constructed with sides sloping towards 
the base as a cone, to encourage well aerated soil to be available to the 
root system for favorable root growth.  Cylindrical pits with vertical 
sides shall not be used.

3.4   INSTALLATION

3.4.1   Setting Plant Material
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Plant material shall be set plumb and held in position until sufficient 
soil has been firmly placed around root system or ball.  In relation to the 
surrounding grade, the plant material shall be set even with the grade at 
which it was grown.

3.4.1.1   Bare-Root Plant Material

Bare-root plant material shall be placed in water a minimum 30 minutes 
prior to setting.

3.4.2   Tree Root Barrier

Tree root barriers shall be installed as recommended by the manufacturer.  
Tree root barriers shall be used for trees located up to a maximum 1800 mm 
(6 feet) from paved surfaces or structures.

3.4.3   Backfill Soil Mixture

The backfill soil mixture may be a mix of topsoil and soil amendments 
suitable for the plant material specified.  When practical, the excavated 
soil from the plant pit that is not amended provides the best backfill and 
shall be used.

3.4.4   Backfill Procedure

Prior to backfilling, all metal, wood, synthetic products, or treated 
burlap devices shall be removed from the ball or root system avoiding 
damage to the root system.  The backfill procedure shall remove air pockets 
from around the root system.  Additional requirements are as follows.

3.4.4.1   Balled and Burlapped, and Balled and Platformed Plant Material

Biodegradable burlap and tying material shall be carefully opened and 
folded back from the top a minimum 1/3 depth from the top of the root ball. 
 Backfill mixture shall be added to the plant pit in 150 mm (6 inch) layers 
with each layer tamped.

3.4.4.2   Bare-Root Plant Material

The root system shall be spread out and arranged in its natural position.  
Damaged roots shall be removed with a clean cut.  The backfill soil mixture 
shall be carefully worked in amongst the roots and watered to form a soupy 
mixture.  Air pockets shall be removed from around the root system, and 
root to soil contact shall be provided.

3.4.4.3   Container-Grown and Balled and Potted Plant Material

The plant material shall be carefully removed from containers that are not 
biodegradeable.  Prior to setting the plant in the pit, a maximum 1/4 depth 
of the root mass, measured from the bottom, shall be spread apart to 
promote new root growth.  For plant material in biodegradable containers 
the container shall be split prior to setting the plant with container.  
Backfill mixture shall be added to the plant pit in 150 mm (6 inch) layers 
with each layer tamped.

3.4.4.4   Earth Berm

An earth berm, consisting of backfill soil mixture, shall be formed with a 
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minimum 100 mm (4 inch) height around the edge of the plant pit to aid in 
water retention and to provide soil for settling adjustments.

3.4.5   Plant Bed

Plant material shall be set in plant beds according to the drawings.  
Backfill soil mixture shall be placed on previously scarified subsoil to 
completely surround the root balls, and shall be brought to a smooth and 
even surface, blending to existing areas.  Earth berms shall be provided.  
Polymers shall be spread uniformly over the plant bed and in the planting 
pit as recommended by the manufacturer and thoroughly incorporated into the 
soil to a maximum 100 mm (4 inch) depth.

3.4.6   Watering

Plant pits and plant beds shall be watered immediately after backfilling, 
until completely saturated.

3.4.7   Staking and Guying

Staking will be required when trees are unstable or will not remain set due 
to their size, shape, or exposure to high wind velocity.  Stake and guy as 
shown in the plans.

3.5   FINISHING

3.5.1   Plant Material

Prior to placing mulch, the installed area shall be uniformly edged to 
provide a clear division line between the planted area and the adjacent 
turf area, shaped as indicated.  The installed area shall be raked and 
smoothed while maintaining the earth berms.

3.5.2   Placing Geotextile

Prior to placing mulch, geotextile shall be placed as indicated in 
accordance with the manufacturer's recommendations.

3.5.3   Placing Mulch

The placement of mulch shall occur a maximum 48 hours after planting.  
Mulch, used to reduce soil water loss, regulate soil temperature and 
prevent weed growth, shall be spread to cover the installed area with a 
minimum 100 mm (4 inch) uniform thickness.  Mulch shall be kept out of the 
crowns of shrubs, ground cover, and vines and shall be kept off buildings, 
sidewalks and other facilities.

3.5.4   Pruning

Pruning shall be accomplished by trained and experienced personnel.  The 
pruning of trees and palms shall be in accordance with ANSI A300.  Only 
dead or broken material shall be pruned from installed plants.  The typical 
growth habit of individual plant material shall be retained.  Clean cuts 
shall be made flush with the parent trunk.  Improper cuts, stubs, dead and 
broken branches shall be removed.  "Headback" cuts at right angles to the 
line of growth will not be permitted.  Trees shall not be poled or the 
leader removed, nor shall the leader be pruned or "topped off".

3.6   MAINTENANCE DURING PLANTING OPERATION
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Installed plant material shall be maintained in a healthy growing 
condition.  Maintenance operations shall begin immediately after each plant 
is installed to prevent desiccation and shall continue until the plant 
establishment period commences.  Installed areas shall be kept free of 
weeds, grass, and other undesired vegetation.  The maintenance includes 
maintaining the mulch, watering, and adjusting settling.

3.7   APPLICATION OF PESTICIDE

When application of a pesticide becomes necessary to remove a pest or 
disease, a pesticide treatment plan shall be submitted and coordinated with 
the installation pest management program.

3.7.1   Technical Representative

The certified installation pest management coordinator shall be the 
technical representative, and shall be present at all meetings concerning 
treatment measures for pest or disease control.  They may be present during 
treatment application.

3.7.2   Application

A state certified applicator shall apply required pesticides in accordance 
with EPA label restrictions and recommendations.  Clothing and personal 
protective equipment shall be used as specified on the pesticide label.  A 
closed system is recommended as it prevents the pesticide from coming into 
contact with the applicator or other persons.  Water for formulating shall 
only come from designated locations.  Filling hoses shall be fitted with a 
backflow preventer meeting local plumbing codes or standards.  Overflow 
shall be prevented during the filling operation.  Prior to each day of use, 
the equipment used for applying pesticide shall be inspected for leaks, 
clogging, wear, or damage.  Any repairs are to be performed immediately.

3.8   RESTORATION AND CLEAN UP

3.8.1   Restoration

Turf areas, pavements and facilities that have been damaged from the 
planting operation shall be restored to original condition at the 
Contractor's expense.

3.8.2   Clean Up

Excess and waste material shall be removed from the installed area and 
shall be disposed offsite.  Adjacent paved areas shall be cleared.

3.9   PLANT ESTABLISHMENT PERIOD

3.9.1   Commencement

Upon completion of the last day of the planting operation, the plant 
establishment period for maintaining installed plant material in a healthy 
growing condition shall commence and shall be in effect for a minimum of 90 
days or the remaining contract time period, whichever is longer, not to 
exceed 12 months.  Written calendar time period shall be furnished for the 
plant establishment period.  When there is more than one plant 
establishment period, the boundaries of the planted area covered for each 
period shall be described.  The plant establishment period shall be 
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coordinated with Sections 02921 SEEDING. The plant establishment period 
shall be modified for inclement weather shut down periods, or for separate 
completion dates for areas.

3.9.2   Maintenance During Establishment Period

Maintenance of plant material shall include straightening plant material, 
straightening stakes; tightening guying material; correcting girdling; 
supplementing mulch; pruning dead or broken branch tips; maintaining plant 
material labels; watering; eradicating weeds, insects and disease; 
post-fertilization; and removing and replacing unhealthy plants.

3.9.2.1   Watering Plant Material

The plant material shall be watered as necessary to prevent desiccation and 
to maintain an adequate supply of moisture within the root zone.  An 
adequate supply of moisture is estimated to be the equivalent of 50 mm (1/2 
inch absorbed water per week, delivered in the form of rain or augmented by 
watering.  Run-off, puddling and wilting shall be prevented.  Unless 
otherwise directed, watering trucks shall not be driven over turf areas.  
Watering of other adjacent areas or existing plant material shall be 
prevented.

3.9.2.2   Weeding

Grass and weeds in the installed areas shall not be allowed to reach a 
maximum 75 mm (3 inches) height before being completely removed, including 
the root system.

3.9.2.3   Pesticide Treatment

Treatment for disease or pest shall be in accordance with paragraph 
APPLICATION OF PESTICIDE.

3.9.2.4   Post-Fertilization

The plant material shall be topdressed at least once during the period of 
establishment with controlled release fertilizer, per soils analysis 
recommendation.  Dry fertilizer adhering to plants shall be flushed off.  
The application shall be timed prior to the advent of winter dormancy.

3.9.2.5   Plant Pit Settling

When settling occurs to the backfill soil mixture, additional backfill soil 
shall be added to the plant pit or plant bed until the backfill level is 
equal to the surrounding grade.  Serious settling that affects the setting 
of the plant in relation to the maximum depth at which it was grown 
requires replanting in accordance with paragraph INSTALLATION.  The earth 
berm shall be maintained.

3.9.2.6   Maintenance Record

A record shall be furnished describing the maintenance work performed, the 
quantity of plant losses, diagnosis of the plant loss, and the quantity of 
replacements made on each site visit.

3.9.3   Unhealthy Plant Material

A tree shall be considered unhealthy or dead when the main leader has died 
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back, or up to a maximum 25 percent of the crown has died.  A shrub shall 
be considered unhealthy or dead when up to a maximum 25 percent of the 
plant has died.  This condition shall be determined by scraping on a branch 
an area 2 mm (1/16 inch) square, maximum, to determine if there is a green 
cambium layer below the bark.  The Contractor shall determine the cause for 
unhealthy plant material and shall provide recommendations for replacement. 
 Unhealthy or dead plant material shall be removed immediately and shall be 
replaced as soon as seasonal conditions permit.

3.9.4   Replacement Plant Material

Unless otherwise directed, plant material shall be provided for replacement 
in accordance with paragraph PLANT MATERIAL.  Replacement plant material 
shall be installed in accordance with paragraph INSTALLATION, and 
recommendations in paragraph PLANT ESTABLISHMENT PERIOD.  Plant material 
shall be replaced in accordance with paragraph WARRANTY.  An extended plant 
establishment period shall not be required for replacement plant material.

3.9.5   Maintenance Instructions

Written instructions shall be furnished containing drawings and other 
necessary information for year-round care of the installed plant material; 
including, when and where maintenance should occur, and the procedures for 
plant material replacement,.

    -- End of Section --
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SECTION 02964

COLD MILLING OF BITUMINOUS PAVEMENTS

PART 1   GENERAL

1.1   GRADE AND SURFACE-SMOOTHNESS REQUIREMENTS

1.1.1   Grade

The finished milled surfaces shall conform to the lines, grades, and cross 
sections indicated.  The finished milled-pavement surfaces shall vary not 
more than 12 mm (0.5 foot) from the established plan grade line and 
elevation.  Finished surfaces at a juncture with other pavements shall 
coincide with the finished surfaces of the abutting pavements.  The 
deviations from the plan grade line and elevation will not be permitted in 
areas of pavements where closer conformance with planned grade and 
elevation is required for the proper functioning of appurtenant structures 
involved.

1.1.2   Surface Smoothness

Finished surfaces shall not deviate from the testing edge of a straightedge 
more than 6 mm (1/4 inch)  in the transverse or longitudinal direction.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   PREPARATION OF SURFACE

The pavement surface shall be cleaned of excessive dirt, clay, or other 
foreign material immediately prior to milling the pavement.

3.2   MILLING OPERATION

Sufficient passes shall be made so that the designated area is milled to 
the grades and cross sections indicated.  The milling shall proceed with 
care and in depth increments that will not damage the pavement below the 
designated finished grade.  Items damaged during milling, such as manholes, 
valve boxes, utility lines, pavement that is torn, cracked, gouged, broken, 
or undercut, shall be repaired or replaced as directed.

3.3   GRADE AND SURFACE-SMOOTHNESS TESTING

3.3.1   Grade-Conformance Tests

The finished milled surface of the pavement shall be tested for conformance 
with the plan-grade requirements and will be tested for acceptance by the 
Contracting Officer by running lines of levels at intervals of 8 meters (25 
feet) longitudinally and 8 meters (25 feet) transversely to determine the 
elevation of the completed pavement.  The Contractor shall correct 
variations from the designated grade line and elevation in excess of the 
plan-grade requirements as directed.  Skin patching for correcting low 
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areas will not be permitted.  The Contractor shall remove and replace the 
deficient low area.  Sufficient material shall be removed to allow at least 
25 mm (1 inch)  of asphalt concrete to be placed.

3.3.2   Surface-Smoothness Tests

After completion of the final milling, the finished milled surface will be 
tested by the Government with a straightedge.  Other approved devices may 
be used, provided that when satisfactorily and properly operated, such 
devices reveal all surface irregularities exceeding the tolerances 
specified.  Surface irregularities that depart from the testing edge by 
more than 6 mm (1/4 inch)  shall be corrected.

3.4   REMOVAL OF MILLED MATERIAL

Material that is removed shall be removed from the project site.

    -- End of Section --
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SECTION 03150

EXPANSION JOINTS AND CONTRACTION JOINTS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN HARDBOARD ASSOCIATION (AHA)

AHA ANSI/AHA A135.4 (1995) Basic Hardboard

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 919 (1984; R 1992) Use of Sealants in 
Acoustical Applications

ASTM C 920 (1998) Elastomeric Joint Sealants

ASTM D 1190 (1996) Concrete Joint Sealer, Hot-Applied 
Elastic Type

ASTM D 1191 (1984; R 1994) Test Methods for Concrete 
Joint Sealers

ASTM D 1751 (1999) Preformed Expansion Joint Filler 
for Concrete Paving and Structural 
Construction (Nonextruding and Resilient 
Bituminous Types)

ASTM D 1752 (1984; R 1996el) Preformed Sponge Rubber 
and Cork Expansion Joint Fillers for 
Concrete Paving and Structural Construction

ASTM D 2628 (1991) Preformed Polychloroprene 
Elastomeric Joint Seals for Concrete 
Pavements

ASTM D 2835 (1989; R 1993) Lubricant for Installation 
of Preformed Compression Seals in Concrete 
Pavements

ASTM D 5249 (1995) Backer Material for Use With Cold 
and Hot-Applied Joint Sealants in 
Portland-Cement Concrete and Asphalt Joints

 

1.2   SUBMITTALS
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Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Preformed Expansion Joint Filler. 
Sealant

Manufacturer's literature, including safety data sheets, for 
preformed fillers and the lubricants used in their installation; 
field-molded sealants and primers (when required by sealant 
manufacturer); and preformed compression seals.

Preformed Expansion Joint Filler
Sealant

Manufacturer's recommended instructions for installing preformed 
fillers, field-molded sealants; and preformed compression seals.

SD-04 Samples

Lubricant for Preformed Compression Seals

  Specimens identified to indicate the manufacturer, type of 
material, size and quantity of material, and shipment or lot 
represented.  Each sample shall be a piece not less than 3 m  of 
25 mm  nominal width or wider seal or a piece not less than 4 m  
of compression seal less than 25 mm  nominal width.  One L  of 
lubricant shall be provided.

Field-Molded Type

  Four liters  of field-molded sealant and one L  of primer (when 
primer is recommended by the sealant manufacturer) identified to 
indicate manufacturer, type of material, quantity, and shipment or 
lot represented.

SD-07 Certificates

Preformed Expansion Joint Filler
Sealant

Certificates of compliance stating that the joint filler and 
sealant materials and waterstops conform to the requirements 
specified.

1.3   DELIVERY AND STORAGE

Material delivered and placed in storage shall be stored off the ground and 
protected from moisture, dirt, and other contaminants.  Sealants shall be 
delivered in the manufacturer's original unopened containers.  Sealants 
whose shelf life has expired shall be removed from the site.

PART 2   PRODUCTS

2.1   CONTRACTION JOINT STRIPS

SECTION 03150  Page 3



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

Contraction joint strips shall be 3 mm (1/8 inch)  thick tempered hardboard 
conforming to AHA ANSI/AHA A135.4, Class 1.  In lieu of hardboard strips, 
rigid polyvinylchloride (PVC) or high impact polystyrene (HIPS) insert 
strips specifically designed to induce controlled cracking in slabs on 
grade may be used.  Such insert strips shall have removable top section.

2.2   PREFORMED EXPANSION JOINT FILLER

Expansion joint filler shall be preformed material conforming to ASTM D 1751
or ASTM D 1752.  Unless otherwise indicated, filler material shall be 10 mm 
(3/8 inch)  thick and of a width applicable for the joint formed.  Backer 
material, when required, shall conform to ASTM D 5249.

2.3   SEALANT

Joint sealant shall conform to the following:

2.3.1   Preformed Polychloroprene Elastomeric Type

ASTM D 2628.

2.3.2   Lubricant for Preformed Compression Seals

ASTM D 2835.

2.3.3   Hot-Poured Type

ASTM D 1190 tested in accordance with ASTM D 1191.

2.3.4   Field-Molded Type

ASTM C 920, Type M for horizontal joints or Type NS for vertical joints, 
Class 25, and Use NT.  Bond breaker material shall be polyethylene tape, 
coated paper, metal foil or similar type materials.  The back-up material 
shall be compressible, non-shrink, nonreactive with sealant, and 
non-absorptive material type such as extruded butyl or polychloroprene 
rubber.

PART 3   EXECUTION

3.1   JOINTS

Joints shall be installed at locations indicated and as authorized.

3.1.1   Contraction Joints

Contraction joints may be constructed by inserting tempered hardboard 
strips or rigid PVC or HIPS insert strips into the plastic concrete using a 
steel parting bar, when necessary, or by cutting the concrete with a saw 
after concrete has set.  Joints shall be approximately 3 mm (1/8 inch) wide 
and shall extend into the slab one-fourth the slab thickness, minimum, but 
not less than 25 mm (1 inch).

3.1.1.1   Joint Strips

Strips shall be of the required dimensions and as long as practicable.  
After the first floating, the concrete shall be grooved with a tool at the 
joint locations.  The strips shall be inserted in the groove and depressed 
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until the top edge of the vertical surface is flush with the surface of the 
slab.  The slab shall be floated and finished as specified.  Working of the 
concrete adjacent to the joint shall be the minimum necessary to fill voids 
and consolidate the concrete.  Where indicated, the top portion of the 
strip shall be sawed out after the curing period to form a recess for 
sealer.  The removable section of PVC or HIPS strips shall be discarded and 
the insert left in place.  True alignment of the strips shall be maintained 
during insertion.

3.1.1.2   Sawed Joints

Joint sawing shall be early enough to prevent uncontrolled cracking in the 
slab, but late enough that this can be accomplished without appreciable 
spalling.  Concrete sawing machines shall be adequate in number and power, 
and with sufficient replacement blades to complete the sawing at the 
required rate.  Joints shall be cut to true alignment and shall be cut in 
sequence of concrete placement.  Sludge and cutting debris shall be removed.

3.1.2   Expansion Joints

Preformed expansion joint filler shall be used in expansion and isolation 
joints in slabs around columns and between slabs on grade and vertical 
surfaces where indicated.  The filler shall extend the full slab depth, 
unless otherwise indicated.  The edges of the joint shall be neatly 
finished with an edging tool of 3 mm (1/8 inch)  radius, except where a 
resilient floor surface will be applied.  Where the joint is to receive a 
sealant, the filler strips shall be installed at the proper level below the 
finished floor with a slightly tapered, dressed and oiled wood strip 
temporarily secured to the top to form a recess to the size shown on the 
drawings.  The wood strip shall be removed after the concrete has set.  
Contractor may opt to use a removable expansion filler cap designed and 
fabricated for this purpose in lieu of the wood strip.  The groove shall be 
thoroughly cleaned of laitance, curing compound, foreign materials, 
protrusions of hardened concrete, and any dust which shall be blown out of 
the groove with oil-free compressed air.

3.1.3   Joint Sealant

Sawed contraction joints and expansion joints in slabs shall be filled with 
joint sealant, unless otherwise shown.  Joint surfaces shall be clean, dry, 
and free of oil or other foreign material which would adversely affect the 
bond between sealant and concrete.  Joint sealant shall be applied as 
recommended by the manufacturer of the sealant.

3.1.3.1   Joints With Preformed Compression Seals

Compression seals shall be installed with equipment capable of installing 
joint seals to the prescribed depth without cutting, nicking, twisting, or 
otherwise distorting or damaging the seal or concrete and with no more than 
5 percent stretching of the seal.  The sides of the joint and, if 
necessary, the sides of the compression seal shall be covered with a 
coating of lubricant.  Butt joints shall be coated with liberal 
applications of lubricant.

3.1.3.2   Joints With Field-Molded Sealant

When the sealants are meant to reduce the sound transmission 
characteristics of interior walls, ceilings, and floors the guidance 
provided in ASTM C 919 shall be followed.  Joints requiring a bond breaker 

SECTION 03150  Page 5



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

shall be coated with curing compound or with bituminous paint.  Bond 
breaker and back-up material shall be installed where required.  Joints 
shall be primed and filled flush with joint sealant in accordance with the 
manufacturer's recommendations.

3.2   CONSTRUCTION JOINTS

Construction joints are specified in Section 03307 CONCRETE FOR MINOR 
STRUCTURES except that construction joints coinciding with expansion and 
contraction joints shall be treated as expansion or contraction joints as 
applicable.

    -- End of Section --
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SECTION 03307

CONCRETE FOR MINOR STRUCTURES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ACI INTERNATIONAL (ACI)

ACI 308 (1992) Standard Practice for Curing 
Concrete

ACI 318M/318RM (1992) Building Code Requirements for 
Reinforced Concrete (Metric)

ACI 347R (1994) Formwork for Concrete

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 82 (1997; Rev. A) Cold-Drawn Steel Wire for 
Concrete Reinforcement

ASTM A 615/A 615M (1996a) Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement

ASTM C 31 (1991) Making and Curing Concrete Test 
Specimens in the Field

ASTM C 33 (1997) Concrete Aggregates

ASTM C 39 (1993) Compressive Strength of Cylindrical 
Concrete Specimens

ASTM C 94 (1998) Ready-Mixed Concrete

ASTM C 143 (1990a) Slump of Hydraulic Cement Concrete

ASTM C 150 (1999a) Portland Cement

ASTM C 171 (1992) Sheet Materials for Curing Concrete

ASTM C 172 (1990) Sampling Freshly Mixed Concrete

ASTM C 231 (1997el) Air Content of Freshly Mixed 
Concrete by the Pressure Method

ASTM C 260 (1998) Air-Entraining Admixtures for 
Concrete

ASTM C 309 (1994) Liquid Membrane-Forming Compounds 
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for Curing Concrete

ASTM C 494 (1998) Chemical Admixtures for Concrete

ASTM C 685 (1994) Concrete Made by Volumetric 
Batching and Continuous Mixing

ASTM D 75 (1987; R 1997) Sampling Aggregates

ASTM E 1745 (1997) Plastic Vapor Retarders Used in 
Contact with Soil or Granular Fill Under 
Concrete Slabs

HAWAII DEPARTMENT OF TRANSPORTATION (HIDT), HIGHWAYS DIVISION

HIDT HSSRBPWC (1994) Hawaii Standard Specifications for 
Road, Bridge and Public Works Construction

1.1.1   Referenced Standard Specifications

Materials and workmanship specified herein with reference to HIDT HSSRBPWC 
shall be in accordance with the referenced articles, sections, and 
paragraphs of the standard except that contractual and payment provisions 
do not apply.  Where the term "Engineer" is used, it shall mean the 
Contracting Officer.  Where the term "State" is used, it shall mean 
"Federal Government."

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Air-Entraining Admixture
Water-Reducing or Retarding Admixture
Curing Materials
Reinforcing Steel

  Manufacturer's literature is available from suppliers which 
demonstrates compliance with applicable specifications for the 
above materials.

Batching and Mixing Equipment

  Batching and mixing equipment will be accepted on the basis of 
manufacturer's data which demonstrates compliance with the 
applicable specifications.

Conveying and Placing Concrete

  The methods and equipment for transporting, handling, 
depositing, and consolidating the concrete shall be submitted 
prior to the first concrete placement.

Formwork
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  Formwork design shall be submitted prior to the first concrete 
placement.

SD-04 Samples

Salt Rock Finish

Provide two samples of salt rock finish, (3' x 3' x 3") 900 mm x 
900 mm x 75 mm thick.  Provide sample panels on-site at location 
directed.  Once approved, the sample panels shall be 
representative of the workmanship and finish required.  Do not 
remove or destroy samples until directed by the Contracting 
Officer.

SD-06 Test Reports

Aggregates

  Aggregates will be accepted on the basis of certificates of 
compliance and test reports that show the material(s) meets the 
quality and grading requirements of the specifications under which 
it is furnished.

Concrete Mixture Proportions

  Ten days prior to placement of concrete, the contractor shall 
submit the mixture proportions that will produce concrete of the 
quality required.  Applicable test reports shall be submitted to 
verify that the concrete mixture proportions selected will produce 
concrete of the quality specified.

SD-07 Certificates

Cementitious Materials

  Certificates of compliance attesting that the concrete materials 
meet the requirements of the specifications shall be submitted in 
accordance with the Special Clause "CERTIFICATES OF COMPLIANCE".  
Cementitious material will be accepted on the basis of a 
manufacturer's certificate of compliance, accompanied by mill test 
reports that the material(s) meet the requirements of the 
specification under which it is furnished.

Aggregates

  Aggregates will be accepted on the basis of certificates of 
compliance and tests reports that show the material(s) meet the 
quality and grading requirements of the specifications under which 
it is furnished.

1.3   DESIGN AND PERFORMANCE REQUIREMENTS

The Government will maintain the option to sample and test aggregates and 
concrete to determine compliance with the specifications.  The Contractor 
shall provide facilities and labor as may be necessary to assist the 
Government in procurement of representative test samples.  Samples of 
aggregates will be obtained at the point of batching in accordance with 
ASTM D 75.  Concrete will be sampled in accordance with ASTM C 172.  Slump 
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and air content will be determined in accordance with ASTM C 143 and ASTM C 
231, respectively, when cylinders are molded.  Compression test specimens 
will be made, cured, and transported in accordance with ASTM C 31.  
Compression test specimens will be tested in accordance with ASTM C 39.  
Samples for strength tests will be taken not less than once each shift in 
which concrete is produced.  A minimum of three specimens will be made from 
each sample; two will be tested at 28 days for acceptance, and one will be 
tested at 7 days for information.

1.3.1   Strength

Acceptance test results will be the average strengths of two specimens 
tested at 28 days.  The strength of the concrete will be considered 
satisfactory so long as the average of three consecutive acceptance test 
results equal or exceed the specified compressive strength, f'c, and no 
individual acceptance test result falls below f'c by more than 3.4 MPa. 
(500 psi.)

1.3.2   Construction Tolerances

A Class "C" finish shall apply to all surfaces except those specified to 
receive a Class "D" finish.  A Class "D" finish shall apply to all surfaces 
which will be permanently concealed after construction.  The surface 
requirements for the classes of finish required shall be as specified in 
ACI 347R.

1.3.3   Concrete Mixture Proportions

Concrete mixture proportions shall be the responsibility of the Contractor. 
 Mixture proportions shall include the dry weights of cementitious 
material(s); the nominal maximum size of the coarse aggregate; the specific 
gravities, absorptions, and saturated surface-dry weights of fine and 
coarse aggregates; the quantities, types, and names of admixtures; and 
quantity of water per cubic meter (cubic yard) of concrete.  All materials 
included in the mixture proportions shall be of the same type and from the 
same source as will be used on the project.  Specified compressive strength 
f'c shall be as indicated.  The maximum nominal size coarse aggregate shall 
be 19 mm (3/4 inch), in accordance with ACI 318M/318RM.  The air content 
shall be between 4.5 and 7.5 percent.  The slump shall be between 50 and 
125 mm (2 and 5 inches).  The maximum water cement ratio shall be 0.45.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Cementitious Materials

Cementitious materials shall conform to the appropriate specifications 
listed:

2.1.1.1   Portland Cement

ASTM C 150, Type I or II.

2.1.2   Aggregates

Aggregates shall meet the quality and grading requirements of ASTM C 33 
Class Designations 4M or better.
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2.1.3   Admixtures

Admixtures to be used, when required or approved, shall comply with the 
appropriate specification listed.  Chemical admixtures that have been in 
storage at the project site for longer than 6 months shall be retested at 
the expense of the contractor at the request of the Contracting Officer and 
shall be rejected if test results are not satisfactory.

2.1.3.1   Air-Entraining Admixture

Air-entraining admixture shall meet the requirements of ASTM C 260.

2.1.3.2   Water-Reducing or Retarding Admixture

Water-reducing or retarding admixture shall meet the requirements ofASTM C 
494, Type A, B, or D.

2.1.4   Water

Water for mixing and curing shall be fresh, clean, potable, and free from 
injurious amounts of oil, acid, salt, or alkali.

2.1.5   Reinforcing Steel

Reinforcing steel bar shall conform to the requirements of ASTM A 615/A 615M, 
Grade 60.  Details of reinforcement not shown shall be in accordance with 
ACI 318M/318RM, Chapters 7 and 12.

2.1.6   Spirals

ASTM A 82 for spirals.

2.1.7   Formwork

The design and engineering of the formwork as well as its construction, 
shall be the responsibility of the Contractor.

2.1.8   Form Coatings

Forms for exposed surfaces shall be coated with a nonstaining form oil, 
which shall be applied shortly before concrete is placed.

2.1.9   Vapor Barrier

ASTM E 1745, Class B, minimum 0.375 mm (15 mil) thickness, polyolefin 
geomembrane.

2.1.10   Curing Materials

Curing materials shall conform to the following requirements.

2.1.10.1   Impervious Sheet Materials

Impervious sheet materials, ASTM C 171, type optional, except polyethylene 
film, if used, shall be white opaque.

2.1.10.2   Membrane-Forming Curing Compound

ASTM C 309, Type 1-D or 2, Class A or B.
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PART 3   EXECUTION

3.1   PREPARATION

3.1.1   General

Construction joints shall be prepared to expose coarse aggregate, and the 
surface shall be clean, damp, and free of laitance.  Ramps and walkways, as 
necessary, shall be constructed to allow safe and expeditious access for 
concrete and workmen.  Standing or flowing water, loose particles, debris, 
and foreign matter shall have been removed.  Earth foundations shall be 
satisfactorily compacted.  Spare vibrators shall be available.  The entire 
preparation shall be accepted by the Government prior to placing.

3.1.2   Embedded Items

Reinforcement shall be secured in place; joints, anchors, and other 
embedded items shall have been positioned.  Internal ties shall be arranged 
so that when the forms are removed all metal will be not less than 50 mm 
from concrete surfaces permanently exposed to view or exposed to water on 
the finished structures.  Embedded items shall be free of oil and other 
foreign matters such as loose coatings or rust, paint, and scale.  The 
embedding of wood in concrete will be permitted only when specifically 
authorized or directed.  All equipment needed to place, consolidate, 
protect, and cure the concrete shall be at the placement site and in good 
operating condition.

3.1.3   Formwork Installation

Forms shall be properly aligned, adequately supported, and mortar-tight.  
The form surfaces shall be smooth and free from irregularities, dents, 
sags, or holes when used for permanently exposed faces.  All exposed joints 
and edges shall be chamfered, unless otherwise indicated.

3.1.4   Vapor Barrier Installation

Installation shall be in accordance with manufacturer's instructions 
including taping procedures at the laps, tape materials used, patching 
procedures, and installation at verticals walls.  Use the greatest widths 
and lengths practicable to eliminate joints wherever possible.  Remove 
torn, punctured, or damaged vapor barrier material and provide with new 
vapor barrier prior to placing concrete.  Concrete placement shall not 
damage vapor barrier material.  No penetration of the vapor barrier, except 
as required at permanent utilities penetrations, shall be allowed.  The 
vapor barrier shall not be left exposed to ultraviolet rays for more than a 
day either in storage or prior to pouring of the concrete slab.

3.1.5   Production of Concrete

3.1.5.1   Ready-Mixed Concrete

Ready-mixed concrete shall conform to ASTM C 94 except as otherwise 
specified.

3.1.5.2   Concrete Made by Volumetric Batching and Continuous Mixing

Concrete made by volumetric batching and continuous mixing shall conform to 
ASTM C 685.
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3.1.5.3   Batching and Mixing Equipment

The contractor shall have the option of using an on-site batching and 
mixing facility.  The facility shall provide sufficient batching and mixing 
equipment capacity to prevent cold joints.  The method of measuring 
materials, batching operation, and mixer shall be submitted for review.

3.2   CONVEYING AND PLACING CONCRETE

Conveying and placing concrete shall conform to the following requirements.

3.2.1   General

Concrete placement shall not be permitted when weather conditions prevent 
proper placement and consolidation without approval.  When concrete is 
mixed and/or transported by a truck mixer, the concrete shall be delivered 
to the site of the work and discharge shall be completed within 1-1/2 
hours.  Concrete shall be conveyed from the mixer to the forms as rapidly 
as practicable by methods which prevent segregation or loss of ingredients. 
 Concrete shall be in place and consolidated within 15 minutes after 
discharge from the mixer.  Concrete shall be deposited as close as possible 
to its final position in the forms and be so regulated that it may be 
effectively consolidated in horizontal layers 450 mm (18 inches) or less in 
thickness with a minimum of lateral movement.  The placement shall be 
carried on at such a rate that the formation of cold joints will be 
prevented.

3.2.2   Consolidation

Each layer of concrete shall be consolidated by rodding, spading, or 
internal vibrating equipment.  Internal vibration shall be systematically 
accomplished by inserting the vibrator through the fresh concrete in the 
layer below at a uniform spacing over the entire area of placement.  The 
distance between insertions shall be approximately 1.5 times the radius of 
action of the vibrator and overlay the adjacent, just-vibrated area by 
approximately 100 mm (a few inches).  The vibrator shall penetrate rapidly 
to the bottom of the layer and at least 150 mm (6 inches) into the layer 
below, if such a layer exists.  It shall be held stationary until the 
concrete is consolidated and then withdrawn slowly at the rate of about 75 
mm (3 inches) per second.

3.2.3   Hot-Weather Requirements

When the rate of evaporation of surface moisture, as determined by use of 
Figure 1 of ACI 308, is expected to exceed 1 kilogram per square meter (0.2 
pound per square foot) per hour, provisions for windbreaks, shading, fog 
spraying, or covering with a light-colored material shall be made in 
advance of placement, and such protective measures shall be taken as 
quickly as finishing operations will allow.

3.3   FORM REMOVAL

Forms shall not be removed before the expiration of 24 hours after concrete 
placement except where otherwise specifically authorized.  Supporting forms 
and shoring shall not be removed until the concrete has cured for at least 
5 days.  When conditions on the work are such as to justify the 
requirement, forms will be required to remain in place for longer periods.
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3.4   FINISHING

3.4.1   Finishing Formed Surfaces

All fins and loose materials shall be removed, and surface defects 
including tie holes shall be filled.  All honeycomb areas and other defects 
shall be repaired.  All unsound concrete shall be removed from areas to be 
repaired.  Surface defects greater than 13 mm (1/2 inch) in diameter and 
holes left by removal of tie rods in all surfaces not to receive additional 
concrete shall be reamed or chipped and filled with dry-pack mortar.  The 
prepared area shall be brush-coated with an approved epoxy resin or latex 
bonding compound or with a neat cement grout after dampening and filled 
with mortar or concrete.  The cement used in mortar or concrete for repairs 
to all surfaces permanently exposed to view shall be a blend of portland 
cement and white cement so that the final color when cured will be the same 
as adjacent concrete.

3.4.2   Finishing Unformed Surfaces

All unformed surfaces that are not to be covered by additional concrete or 
backfill shall be float finished to elevations shown, unless otherwise 
specified.  Surfaces to receive additional concrete or backfill shall be 
brought to the elevations shown and left as a true and regular surface.  
Exterior surfaces shall be sloped for drainage unless otherwise shown.  
Joints shall be carefully made with a jointing tool.  Unformed surfaces 
shall be finished to a tolerance of 10 mm (3/8 inch) for a float finish as 
determined by a 3 m (10 foot) straightedge placed on surfaces shown on the 
plans to be level or having a constant slope.  Finishing shall not be 
performed while there is excess moisture or bleeding water on the surface.  
No water or cement shall be added to the surface during finishing.

3.4.2.1   Float Finish

Surfaces to be float finished shall be screeded and darbied or bullfloated 
to eliminate the ridges and to fill in the voids left by the screed.  In 
addition, the darby or bullfloat shall fill all surface voids and only 
slightly embed the coarse aggregate below the surface of the fresh 
concrete.  When the water sheen disappears and the concrete will support a 
person's weight without deep imprint, floating should be completed.  
Floating should embed large aggregates just beneath the surface, remove 
slight imperfections, humps, and voids to produce a plane surface, compact 
the concrete, and consolidate mortar at the surface.

3.4.2.2   Trowel Finish

Trowelling shall be done immediately following floating to provide a 
smooth, even, dense finish free from blemishes including trowel marks.  
Finished surfaces shall be protected from damage during the construction 
period.

3.4.2.3   Broom Finish

The concrete shall be screeded and floated to required finish plane with no 
coarse aggregate visible.  After surface moisture disappears, the surface 
shall be broomed or brushed with a broom or fiber bristle brush in a 
direction transverse to that of the main traffic or as directed.

3.4.2.4   Salt Rock Finish
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Trowel surface to bring cement to top.  Hand-sow concrete surface with rock 
salt (sodium chloride, 100 percent passing #4 sieve and retained on #16 
sieve) at approximately 4.89 kg per square meter (1 pound per square foot), 
or amount as required to obtain desired finish.  Finish trowel surfaces 
slightly rough for traction, embedding but not covering salt.  Apply a 
surface retarder in accordance with manufacturer's instructions.  Cover 
concrete temporarily with plastic sheeting.  After the concrete has cured a 
minimum of 24 hours, unless otherwise recommended by the retarder 
manufacturer, thoroughly wash surface with clean water and stiff brushes to 
remove all rock salt and laitance.  After washing, continue curing with 
water only.

3.5   CONCRETE CURBS AND GUTTERS

Comply with the HIDT HSSRBPWC, Sections 638 for materials and workmanship 
for portland cement concrete curbs and gutters.

3.6   CURING AND PROTECTION

Beginning immediately after placement and continuing for at least 7 days, 
all concrete shall be cured and protected from premature drying, extremes 
in temperature, rapid temperature change, mechanical damage, and exposure 
to rain or flowing water.  All materials and equipment needed for adequate 
curing and protection shall be available and at the site of the placement 
prior to the start of concrete placement.  Preservation of moisture for 
concrete surfaces not in contact with forms shall be accomplished by one of 
the following methods:

a.  Continuous sprinkling or ponding.

b.  Application of absorptive mats or fabrics kept continuously wet.

c.  Application of sand kept continuously wet.

d.  Application of impervious sheet material conforming to ASTM C 171.

e.  Application of membrane-forming curing compound conforming to ASTM 
C 309, Type 1-D, on surfaces permanently exposed to view and Type 2 on 
other surfaces shall be accomplished in accordance with manufacturer's 
instructions.

The preservation of moisture for concrete surfaces placed against wooden 
forms shall be accomplished by keeping the forms continuously wet for 7 
days.  If forms are removed prior to end of the required curing period, 
other curing methods shall be used for the balance of the curing period.

3.7   TESTS AND INSPECTIONS

3.7.1   General

The individuals who sample and test concrete as required in this 
specification shall have demonstrated a knowledge and ability to perform 
the necessary test procedures equivalent to the ACI minimum guidelines for 
certification of Concrete Field Testing Technicians, Grade I.

3.7.2   Inspection Details and Frequency of Testing

3.7.2.1   Preparations for Placing
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Foundation or construction joints, forms, and embedded items shall be 
inspected in sufficient time prior to each concrete placement by the 
Contractor to certify that it is ready to receive concrete.

3.7.2.2   Air Content

Air content shall be checked at least once during each shift that concrete 
is placed for each class of concrete required.  Samples shall be obtained 
in accordance with ASTM C 172 and tested in accordance with ASTM C 231.

3.7.2.3   Slump

Slump shall be checked once during each shift that concrete is produced for 
each class of concrete required.  Samples shall be obtained in accordance 
with ASTM C 172 and tested in accordance with ASTM C 143.

3.7.2.4   Consolidation and Protection

The Contractor shall ensure that the concrete is properly consolidated, 
finished, protected, and cured.

3.7.3   Action Required

3.7.3.1   Placing

The placing foreman shall not permit placing to begin until he has verified 
that an adequate number of acceptable vibrators, which are in working order 
and have competent operators, are available.  Placing shall not be 
continued if any pile is inadequately consolidated.

3.7.3.2   Air Content

Whenever a test result is outside the specification limits, the concrete 
shall not be delivered to the forms and an adjustment shall be made to the 
dosage of the air-entrainment admixture.

3.7.3.3   Slump

Whenever a test result is outside the specification limits, the concrete 
shall not be delivered to the forms and an adjustment should be made in the 
batch weights of water and fine aggregate.  The adjustments are to be made 
so that the water-cement ratio does not exceed that specified in the 
submitted concrete mixture proportion.

3.7.4   Reports

The results of all tests and inspections conducted at the project site 
shall be reported informally at the end of each shift and in writing weekly 
and shall be delivered within 3 days after the end of each weekly reporting 
period.  See Section 01451 CONTRACTOR QUALITY CONTROL.

       -- End of Section --
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SECTION 04200

MASONRY

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ACI INTERNATIONAL (ACI)

ACI SP-66 (1994) ACI Detailing Manual

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 82 (1997; Rev. A) Cold-Drawn Steel Wire for 
Concrete Reinforcement

ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 615/A 615M (1996a) Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement

ASTM C 90 (1998) Loadbearing Concrete Masonry Units

ASTM C 91 (1998) Masonry Cement

ASTM C 270 (1997ael) Mortar for Unit Masonry

ASTM C 476 (1998) Grout for Masonry

ASTM C 494 (1998) Chemical Admixtures for Concrete

ASTM C 780 (1996) Preconstruction and Construction 
Evaluation of Mortars for Plain and 
Reinforced  Unit Masonry

ASTM C 1072 (1998) Measurement of Masonry Flexural 
Bond Strength 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
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Masonry Work

SD-03 Product Data

Concrete Masonry Units (CMU)

SD-04 Samples

Concrete Masonry Units (CMU)

Three stretcher units and one unit for each type of special shape. 
 Units shall show the full range of color and texture.

Anchors, Ties, and Bar Positioners

  Two of each type used.

SD-07 Certificates

Concrete Masonry Units (CMU)

Anchors, Ties, and Bar Positioners

Joint Reinforcement

Reinforcing Steel Bars and Rods

Masonry Cement

Certificates of compliance stating that the materials meet the 
specified requirements.

Mortar Admixtures

Certificates of compliance stating that the materials meet the 
specified requirements.

1.2.1   Masonry Work

Drawings including plans, elevations, and details of wall reinforcement; 
details of reinforcing bars at corners and wall intersections; offsets; 
tops, bottoms, and ends of walls; and wall openings.  Drawings shall be 
provided showing the location and layout of glass block units.  If the 
Contractor opts to furnish inch-pound CMU products, drawings showing 
elevation of walls exposed to view and indicating the location of all cut 
CMU products shall be submitted for approval.  Bent bars shall be 
identified on a bending diagram and shall be referenced and located on the 
drawings.  Wall dimensions, bar clearances, and wall openings greater than 
one masonry unit in area shall be shown.  No approval will be given to the 
shop drawings until the Contractor certifies that all openings, including 
those for mechanical and electrical service, are shown.  If, during 
construction, additional masonry openings are required, the approved shop 
drawings shall be resubmitted with the additional openings shown along with 
the proposed changes.  Location of these additional openings shall be 
clearly highlighted.  The minimum scale for wall elevations shall be 1 to 
50.   Reinforcement bending details shall conform to the requirements of 
ACI SP-66.

1.3   DELIVERY, HANDLING, AND STORAGE
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Materials shall be delivered, handled, stored, and protected to avoid 
chipping, breakage, and contact with soil or contaminating material.

1.3.1   Masonry Units

Concrete masonry units shall be covered or protected from inclement weather 
and shall conform to the moisture content as specified in ASTM C 90 when 
delivered to the jobsite.  In addition, glass block units and prefaced 
concrete units shall be stored with their finish surfaces covered.  
Prefabricated lintels shall be marked on top sides to show either the 
lintel schedule number or the number and size of top and bottom bars.

1.3.2   Reinforcement, Anchors, and Ties

Steel reinforcing bars, coated anchors, ties, and joint reinforcement shall 
be stored above the ground.  Steel reinforcing bars and uncoated ties shall 
be free of loose mill scale and rust.

1.3.3   Cementitious Materials, Sand and Aggregates

Cementitious and other packaged materials shall be delivered in unopened 
containers, plainly marked and labeled with manufacturers' names and 
brands.  Cementitious material shall be stored in dry, weathertight 
enclosures or be completely covered.  Cement shall be handled in a manner 
that will prevent the inclusion of foreign materials and damage by water or 
dampness.  Sand and aggregates shall be stored in a manner to prevent 
contamination or segregation.

PART 2   PRODUCTS

2.1   GENERAL REQUIREMENTS

The source of materials which will affect the appearance of the finished 
work shall not be changed after the work has started except with 
Contracting Officer's approval.  The Contractor has the option to use 
either hard metric or substitute inch-pound (soft-metric) CMU products.  If 
the Contractor decides to substitute inch-pound CMU products, the following 
additional requirements shall be met:  

a.  The metric dimensions indicated on the drawings shall not be 
altered to accommodate inch-pound CMU products either horizontally 
or vertically.  The 100 mm (4 inch) building module shall be 
maintained, except for the CMU products themselves.

b.  Mortar joint widths shall be maintained as specified.

c.  Rebars shall not be cut, bent or eliminated to fit into the 
inch-pound CMU products module.

d.  Cut, exposed brick and CMU products shall be held to a minimum 
and located where they would have the least impact on the 
architectural aesthetic goals of the facility.

e.  Other building components, built into the CMU products, such 
as window frames, door frames, etc., that are required to be 
metric, shall remain metric.

2.2   CONCRETE MASONRY UNITS (CMU)
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Hollow concrete masonry units shall conform to ASTM C 90, Type II. Cement 
shall have a low alkali content and be of one brand.

2.2.1   Kinds and Shapes

Units shall be modular in size and shall include closer, jamb, header, and 
special shapes and sizes to complete the work as indicated.  In exposed 
interior masonry surfaces, units having a bullnose shall be used for 
vertical external corners except at door, window, and louver jambs.  Radius 
of the bullnose shall be 25 mm (1 inch).  Units used in exposed masonry 
surfaces in any one building shall have a uniform fine to medium texture 
and a uniform color.

2.3   MORTAR

Mortar shall be Type S in accordance with the proportion specification of 
ASTM C 270 except Type S cement-lime mortar proportions shall be 1 part 
cement, 1/2 part lime and 4-1/2 parts aggregate; Type N cement-lime mortar 
proportions shall be 1 part cement, 1 part lime and 6 parts aggregate; when 
masonry cement ASTM C 91 is used the maximum air content shall be limited 
to 12 percent and performance equal to cement-lime mortar shall be 
verified.  Verification of masonry cement performance shall be based on 
ASTM C 780 and ASTM C 1072.  Mortar for prefaced concrete masonry unit 
wainscots shall contain aggregates with 100 percent passing the 2.36 mm  
sieve and 95 percent passing the 1.18 mm  sieve.  Pointing mortar in 
showers and kitchens shall contain ammonium stearate, or aluminum 
tri-stearate, or calcium stearate in an amount equal to 3 percent by weight 
of cement used.  Cement shall have a low alkali content and be of one 
brand.  Aggregates shall be from one source.

2.3.1   Mortar Admixtures

In cold weather, a non-chloride based accelerating admixture may be used 
subject to approval.  Accelerating admixture shall be non-corrosive, shall 
contain less than 0.2 percent chlorides, and shall conform to ASTM C 494, 
Type C.

2.4   GROUT

Grout shall conform to ASTM C 476.  Cement used in grout shall have a low 
alkali content.  Grout slump shall be between 200 and 250 mm (8 and 10 
inches).  Grout shall be used subject to the limitations of Table III.  
Proportions shall not be changed and materials with different physical or 
chemical characteristics shall not be used in grout for the work unless 
additional evidence is furnished that the grout meets the specified 
requirements.

2.5   ANCHORS, TIES, AND BAR POSITIONERS

Anchors and ties shall be fabricated without drips or crimps and shall be 
zinc-coated in accordance with ASTM A 153/A 153M, Class B-2.  Steel wire 
used for anchors and ties shall be fabricated from steel wire conforming to 
ASTM A 82.  Anchors and ties shall be sized to provide a minimum of 16 mm 
(5/8 inch) mortar cover from either face.

2.5.1   Bar Positioners

Bar positioners, used to prevent displacement of reinforcing bars during 
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the course of construction, shall be factory fabricated from 9 gauge steel 
wire or equivalent, and coated with a hot-dip galvanized finish.  Not more 
than one wire shall cross the cell.

2.6   JOINT REINFORCEMENT

Joint reinforcement shall be factory fabricated from steel wire conforming 
to ASTM A 82, welded construction.  Tack welding will not be acceptable in 
reinforcement used for wall ties.  Wire shall have zinc coating conforming 
to ASTM A 153/A 153M, Class B-2.  All wires shall be a minimum of 9 gauge.  
Reinforcement shall be ladder type design, having one longitudinal wire in 
the mortar bed of each face shell for hollow units and one wire for solid 
units.  Joint reinforcement shall be placed a minimum of 16 mm (5/8 inch) 
cover from either face.  The distance between crosswires shall not exceed 
400 mm (16 inches).   Joint reinforcement for straight runs shall be 
furnished in flat sections not less than 3 m (10 feet)  long.  Joint 
reinforcement shall be provided with factory formed corners and 
intersections.  If approved for use, joint reinforcement may be furnished 
with adjustable wall tie features.

2.7   REINFORCING STEEL BARS AND RODS

Reinforcing steel bars and rods shall conform to ASTM A 615/A 615M, Grade 
60.

PART 3   EXECUTION

3.1   ENVIRONMENTAL REQUIREMENTS

3.1.1   Hot Weather Installation

The following precautions shall be taken if masonry is erected when the 
ambient air temperature is more than 37 degrees C (99 degrees F) in the 
shade and the relative humidity is less than 50 percent.  All masonry 
materials shall be shaded from direct sunlight; mortar beds shall be spread 
no more than 1.2 m (4 feet) ahead of masonry; masonry units shall be set 
within one minute of spreading mortar; and after erection, masonry shall be 
protected from direct exposure to wind and sun for 48 hours.

3.2   LAYING MASONRY UNITS

Masonry units shall be laid in running bond pattern.  Facing courses shall 
be level with back-up courses, unless the use of adjustable ties has been 
approved in which case the tolerances shall be plus or minus 13 mm (1/2 
inch).  Each unit shall be adjusted to its final position while mortar is 
still soft and plastic.  Units that have been disturbed after the mortar 
has stiffened shall be removed, cleaned, and relaid with fresh mortar.  
Units used in exposed masonry surfaces shall be selected from those having 
the least amount of chipped edges or other imperfections detracting from 
the appearance of the finished work.  Vertical joints shall be kept plumb.  
Units being laid and surfaces to receive units shall be free of water film. 
 Mortar will be permitted to protrude up to 13 mm (1/2 inch) into the space 
or cells to be grouted.  Means shall be provided to prevent mortar from 
dropping into the space below.

3.2.1   Surface Preparation

Surfaces upon which masonry is placed shall be cleaned of laitance, dust, 
dirt, oil, organic matter, or other foreign materials and shall be slightly 
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roughened to provide a surface texture with a depth of at least 3 mm.   
Sandblasting shall be used, if necessary, to remove laitance from pores and 
to expose the aggregate.

3.2.2   Forms and Shores

Forms and shores shall be sufficiently rigid to prevent deflections which 
may result in cracking or other damage to supported masonry and 
sufficiently tight to prevent leakage of mortar and grout.  Supporting 
forms and shores shall not be removed in less than 10 days.

3.2.3   Concrete Masonry Units

Units starting courses on footings, and where cells are to be filled with 
grout shall be full bedded in mortar under both face shells and webs.  
Other units shall be full bedded under both face shells.  Head joints shall 
be filled solidly with mortar for a distance in from the face of the unit 
not less than the thickness of the face shell.  Foundation walls below 
grade shall be grouted solid.  Jamb units shall be of the shapes and sizes 
to conform with wall units.

3.2.4   Tolerances

Masonry shall be laid plumb, true to line, with courses level.  Bond 
pattern shall be kept plumb throughout.  Corners shall be square unless 
noted otherwise.  Except for walls constructed of prefaced concrete masonry 
units, masonry shall be laid within the following tolerances (plus or minus 
unless otherwise noted):

TABLE II

TOLERANCES

  Variation from the plumb in the lines
  and surfaces of walls and arises
  ____________________________________________________________

  In adjacent masonry units                       (1/8")  3 mm
  In 3 m (10 feet)                                (1/4")  6 mm
  ____________________________________________________________

3.2.5   Cutting and Fitting

Full units of the proper size shall be used wherever possible, in lieu of 
cut units.  Cutting and fitting, including that required to accommodate the 
work of others, shall be done by masonry mechanics using power masonry 
saws.  Concrete masonry units may be wet or dry cut.  Wet cut units, before 
being placed in the work, shall be dried to the same surface-dry appearance 
as uncut units being laid in the wall.  Cut edges shall be clean, true and 
sharp.  Openings in the masonry shall be made carefully so that wall 
plates, cover plates or escutcheons required by the installation will 
completely conceal the openings and will have bottoms parallel with the 
masonry bed joints.  Reinforced masonry lintels shall be provided above 
openings over 300 mm (12 inches) wide for pipes, ducts, cable trays, and 
other wall penetrations, unless steel sleeves are used.

3.2.6   Jointing

Joints shall be tooled when the mortar is thumbprint hard.  Horizontal 

SECTION 04200  Page 8



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

joints shall be tooled last.  Joints shall be brushed to remove all loose 
and excess mortar.  Mortar joints shall be finished as follows:

3.2.6.1   Flush Joints

Joints in concealed and exposed masonry surfaces and joints at electrical 
outlet boxes in wet areas shall be flush cut.  Flush cut joints shall be 
made by cutting off the mortar flush with the face of the wall.  Joints in 
unparged masonry walls below grade shall be pointed tight.  Flush joints 
for architectural units, such as fluted units, shall completely fill both 
the head and bed joints.

3.2.7   Joint Widths

Joint widths shall be as follows:

3.2.7.1   Concrete Masonry Units

Concrete masonry units shall have 10 mm (3/8 inch) joints.

3.2.8   Embedded Items

Spaces around built-in items shall be filled with mortar.  Openings around 
flush-mount electrical outlet boxes in wet locations shall be pointed with 
mortar.  Anchors, ties, wall plugs, accessories, flashing, pipe sleeves and 
other items required to be built-in shall be embedded as the masonry work 
progresses.  Anchors, ties and joint reinforcement shall be fully embedded 
in the mortar.  Cells receiving anchor bolts and cells of the first course 
below bearing plates shall be filled with grout.

3.3   MORTAR

Mortar shall be mixed in a mechanically operated mortar mixer for at least 
3 minutes, but not more than 5 minutes.  Measurement of ingredients for 
mortar shall be by volume.  Ingredients not in containers, such as sand, 
shall be accurately measured by the use of measuring boxes.  Water shall be 
mixed with the dry ingredients in sufficient amount to provide a workable 
mixture which will adhere to the vertical surfaces of masonry units.  
Mortar that has stiffened because of loss of water through evaporation 
shall be retempered by adding water to restore the proper consistency and 
workability.  Mortar that has reached its initial set or that has not been 
used within 2-1/2 hours after mixing shall be discarded.

3.4   REINFORCING STEEL

Reinforcement shall be cleaned of loose, flaky rust, scale, grease, mortar, 
grout, or other coating which might destroy or reduce its bond prior to 
placing grout.  Bars with kinks or bends not shown on the drawings shall 
not be used.  Reinforcement shall be placed prior to grouting.  Unless 
otherwise indicated, vertical wall reinforcement shall extend to within 50 
mm of tops of walls.

3.4.1   Positioning Bars

Vertical bars shall be accurately placed within the cells at the positions 
indicated on the drawings.  A minimum clearance of 13 mm (1/2 inch) shall 
be maintained between the bars and masonry units.  Minimum clearance 
between parallel bars shall be one diameter of the reinforcement.  Vertical 
reinforcing may be held in place using bar positioners located near the 
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ends of each bar and at intermediate intervals of not more than 192 
diameters of the reinforcement.  Column and pilaster ties shall be wired in 
position around the vertical steel.  Ties shall be in contact with the 
vertical reinforcement and shall not be placed in horizontal bed joints.

3.4.2   Splices

Bars shall be lapped a minimum of 48 diameters of the reinforcement.  
Welded or mechanical connections shall develop at least 125 percent of the 
specified yield strength of the reinforcement.

3.5   JOINT REINFORCEMENT

Joint reinforcement shall be installed at 400 mm (16 inches) on center or 
as indicated.  Reinforcement shall be lapped not less than 150 mm (6 
inches).  Prefabricated sections shall be installed at corners and wall 
intersections.  The longitudinal wires of joint reinforcement shall be 
placed to provide not less than 16 mm (5/8 inch) cover to either face of 
the unit.

3.6   PLACING GROUT

All cells shall be filled with grout.

    -- End of Section --
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SECTION 05500

MISCELLANEOUS METAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 36/A 36M (1997; Rev. A) Carbon Structural Steel

ASTM A 53 (1999b) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 153 (1995) Zinc-Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 307 (1997) Carbon Steel Bolts and Studs, 
60,000 psi Tensile Strength

ASTM A 563 (1994) Carbon and Alloy Steel Nuts

ASTM A 780 (1993; Rev A) Repair of Damaged and 
Uncoated Areas of Hot-Dip Galvanized 
Coating

ASTM A 924/A 924M (1999) General Requirements for Steel 
Sheet, Metallic-Coated by the Hot-Dip 
Process

ASTM F 844 (1990) Washers, Steel, Plain (Flat) 
Unhardened for General Use

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (1998) Structural Welding Code - Steel 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:
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SD-02 Shop Drawings

Steel Pipe Guards

Steel Thresholds

  Submit templates, erection and installation drawings indicating 
thickness, type, grade, class of metal, and dimensions.  Show 
construction details, reinforcement, anchorage, and installation 
with relation to the building construction.

1.3   QUALIFICATION OF WELDERS

Qualify welders in accordance with AWS D1.1 using procedures, materials, 
and equipment of the type required for the work.

1.4   DELIVERY, STORAGE AND HANDLING

Protect from corrosion, deformation, and other types of damage.  Store 
items in an enclosed area free from contact with soil and weather.  All 
damaged items shall be replaced by the Contractor.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Structural Carbon Steel

ASTM A 36/A 36M.

2.1.2   Steel Pipes

ASTM A 53, Type E or S, Grade B, galvanized.

2.2   BOLTS, NUTS, AND WASHERS

2.2.1   Bolts

ASTM A 307, Grade A, hot dip galvanized.

2.2.2   Nuts

ASTM A 563, Grade A, heavy hex style, hot dip galvanized.

2.2.3   Washers

ASTM F 844 washers, hot dip galvanized.

2.3   GALVANIZING

Hot-dip galvanize items specified to be zinc-coated after fabrication where 
practicable.  Galvanizing:  ASTM A 123/A 123M, ASTM A 153 and ASTM A 924/A 
924M, G90, as applicable. 

2.3.1   Repair of Zinc-Coated Surfaces

Repair damaged surfaces with galvanizing repair method and paint conforming 
to ASTM A 780, or by the application of stick or thick paste material 
specifically designed for repair of galvanizing.  Clean areas to be 
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repaired and remove the slag from the welds.  Heat surfaces to which stick 
or paste material is applied, with a torch to a temperature sufficient to 
melt the metallics in stick or paste; spread molten material uniformly over 
surfaces to be coated and wipe the excess material off.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Steel Pipe Guards

ASTM A 53, galvanized steel pipe, filled with concrete, anchored and 
constructed as indicated.

3.1.2   Steel Thresholds

Fabricate from steel angles with 6 mm (1/4") diameter rods welded to steel 
angles at 300 mm (12") on centers as indicated.  Steel thresholds shall be 
hot dip galvanized after fabrication.

        -- End of Section --
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SECTION 06100

ROUGH CARPENTRY

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN FOREST & PAPER ASSOCIATION (AF&PA)

AF&PA T01 (1991; Supple 1993; Addenda Apr 1997; 
Supple T02) National Design Specification 
for Wood Construction

AF&PA T11 (1988) Manual for Wood Frame Construction

AMERICAN INSTITUTE OF TIMBER CONSTRUCTION (AITC)

AITC 111 (1979) Recommended Practice for Protection 
of Structural Glued Laminated Timber 
During Transit, Storage and Erection

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM F 547 (1977; R 1995) Definitions of Terms 
Relating to Nails for Use with Wood and 
Wood-Base Materials

AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA)

AWPA C2 (1995) Lumber, Timber, Bridge Ties and 
Mine Ties - Preservative Treatment by 
Pressure Processes

AWPA C9 (1997) Plywood - Preservative Treatment by 
Pressure Processes

AWPA M4 (1996) Standard for the Care of 
Preservative-Treated Wood Products

AWPA P5 (1997) Standards for Waterborne 
Preservatives

APA - THE ENGINEERED WOOD ASSOCIATION (APA)

APA EWS R540C (1996) Builder Tips Proper Storage and 
Handling of Glulam Beams

APA PRP-108 (1980; Rev Jan 1996) Performance Standards 
and Policies for Structural-Use Panels 
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CALIFORNIA REDWOOD ASSOCIATION (CRA)

CRA RIS-01-SS (1997) Standard Specifications for Grades 
of California Redwood Lumber

DEPARTMENT OF COMMERCE (DOC)

DOC PS 1 (1996) Voluntary Product Standard - 
Construction and Industrial Plywood

DOC PS 2 (1992) Performance Standards for 
Wood-Based Structural-Use Panels

FACTORY MUTUAL ENGINEERING AND RESEARCH (FM)

FM LPD 1-49 (1995) Loss Prevention Data Sheet - 
Perimeter Flashing

NATIONAL HARDWOOD LUMBER ASSOCIATION (NHLA)

NHLA Rules (1994) Rules for the Measurement & 
Inspection of Hardwood & Cypress

NORTHEASTERN LUMBER MANUFACTURERS ASSOCIATION (NELMA)

NELMA Grading Rules (1997) Standard Grading Rules for 
Northeastern Lumber

SOUTHERN CYPRESS MANUFACTURERS ASSOCIATION (SCMA)

SCMA Specs (1986; Supple No. 1, Aug 1993) Standard 
Specifications for Grades of Southern 
Cypress

SOUTHERN PINE INSPECTION BUREAU (SPIB)

SPIB Rules (1994; Supple 8 thru 11) Standard Grading 
Rules for Southern Pine Lumber

TRUSS PLATE INSTITUTE (TPI)

TPI 1 (1995; Errata) National Design Standard 
for Metal Plate-Connected Wood Truss 
Construction and Commentary; and Apendix 1

TPI Bklet HIB (1991) Handling, Installing & Bracing 
Metal Plate Connected Wood Trusses

WEST COAST LUMBER INSPECTION BUREAU (WCLIB)

WCLIB Std 17 (1996; Supples VII(A-E), VIII(A-C)) 
Grading Rules for West Coast Lumber

WESTERN WOOD PRODUCTS ASSOCIATION (WWPA)

WWPA Grading Rules (1999) Western Lumber Grading Rules 95

1.2   SUBMITTALS
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Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Structural Wood Members
Installation of Framing

  Drawings of fabricated wood trusses, shop fabrication, and field 
erection details; including methods of fastening.

Nailers and Nailing Strips

  Drawings of field erection details, including materials and 
methods of fastening nailers in conformance with Factory Mutual 
wind uplift rated systems specified in other Sections of these 
specifications.

SD-07 Certificates

Grading and Marking

  Manufacturer's certificates (approved by an American Lumber 
Standards approved agency) attesting that lumber and material not 
normally grade marked meet the specified requirements.  
Certificate of Inspection for grade marked material by an American 
Lumber Standards Committee (ALSC) recognized inspection agency 
prior to shipment.

1.3   DELIVERY AND STORAGE

Materials shall be delivered to the site in undamaged condition, stored off 
ground in fully covered, well ventilated areas, and protected from extreme 
changes in temperature and humidity.  Laminated timber shall be handled and 
stored in accordance with AITC 111 or APA EWS R540C.

PART 2   PRODUCTS

2.1   LUMBER AND SHEATHING

2.1.1   Grading and Marking

2.1.1.1   Lumber Products

Solid sawn and finger-jointed lumber shall bear an authorized gradestamp or 
grademark recognized by ALSC, or an ALSC recognized certification stamp, 
mark, or hammerbrand.  Surfaces that are to be exposed to view shall not 
bear grademarks, stamps, or any type of identifying mark.  Hammer marking 
will be permitted on timbers when all surfaces will be exposed to view.

2.1.1.2   Plywood and Other Sheathing Products

Materials shall bear the grademark or other identifying marks indicating 
grades of material and rules or standards under which produced, including 
requirements for qualifications and authority of the inspection 
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organization.  Except for plywood and wood structural panels, bundle 
marking will be permitted in lieu of marking each individual piece.  
Surfaces that are to be exposed to view shall not bear grademarks or other 
types of identifying marks.

2.1.2   Sizes

Lumber and material sizes shall conform to requirements of the rules or 
standards under which produced.  Unless otherwise specified, lumber shall 
be surfaced on four sides.  Unless otherwise specified, sizes indicated are 
nominal sizes, and actual sizes shall be within manufacturing tolerances 
allowed by the standard under which the product is produced.

2.1.3   Treatment

Exposed areas of treated wood that are cut or drilled after treatment shall 
receive a field treatment in accordance with AWPA M4.  Items of all-heart 
material of cedar, cypress, or redwood will not require preservative 
treatment, except when in direct contact with soil.  Except as specified 
for all-heart material of the previously mentioned species, the following 
items shall be treated:

     a.  Wood members in contact with or within 455 mm (18 inches) of soil.

2.1.3.1   Lumber

Lumber shall be treated in accordance with AWPA C2 with waterborne 
preservatives listed in AWPA P5 to a retention level as follows:

     a.  4 kg per cubic meter (0.25 pcf)  intended for above ground use.

2.1.3.2   Plywood

Plywood shall be treated in accordance with AWPA C9 with waterborne 
preservatives listed in AWPA P5 to a retention level as follows:

     a.  4 kg per cubic meter (0.25 pcf)  intended for above ground use.

2.1.4   Moisture Content

At the time lumber and other materials are delivered and when installed in 
the work their moisture content shall be as follows:

     a.  Treated Lumber:  100 mm (4 inches) or less, nominal thickness, 19 
percent maximum. 

     b.  Materials Other Than Lumber:  In accordance with standard under 
which product is produced.

2.1.6   Structural Wood Members

Species and grades shall be as listed in AF&PA T01.  Structural lumber used 
in fabrication of trusses shall be as indicated.

2.1.5   Trussed Rafters

As an option to standard rafters, trussed rafters may be provided.  The 
design shall be as indicated.  Connections shall be made with light-metal 
plate-connectors.  Light-metal-plate-connected wood trusses shall be 
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designed and fabricated in conformance with TPI 1.  When new plate 
configuration is proposed, load testing of trusses is required and shall 
conform to Appendix D of TPI 1.

2.1.6   Sheathing

2.1.6.1   Plywood

Plywood shall conform to DOC PS 1, APA PRP-108 or DOC PS 2, Grade C-D or 
sheathing grade with exterior glue.  Sheathing for roof shall have a span 
rating of 16/0 or greater for supports 400 mm (16 inches) on center and a 
span rating of 24/0 or greater for supports 600 mm (24 inches) on center.

2.1.7   Miscellaneous Wood Members

2.1.7.1   Nonstress Graded Members

Members shall be in accordance with TABLE I for the species used.

2.2   ACCESSORIES AND NAILS

Markings shall identify both the strength grade and the manufacturer.  
Accessories and nails shall conform to the following:

2.2.1   Nails

ASTM F 547, size and type best suited for purpose.  For sheathing, length 
of nails shall be sufficient to extend 25 mm (1 inch) into supports.  In 
general, 8-penny or larger nails shall be used for nailing through 25 mm (1 
inch) thick lumber.  Nails used with treated lumber and sheathing shall be 
galvanized.  Nailing shall be in accordance with the recommended nailing 
schedule contained in AF&PA T11.  Where detailed nailing requirements are 
not specified, nail size and spacing shall be sufficient to develop an 
adequate strength for the connection.  The connection's strength shall be 
verified against the nail capacity tables in AF&PA T01.  Reasonable 
judgement backed by experience shall ensure that the designed connection 
will not cause the wood to split.  If a load situation exceeds a reasonable 
limit for nails, a specialized connector shall be used.

PART 3   EXECUTION

3.1   INSTALLATION OF FRAMING

3.1.1   General

General framing shall be in accordance with AF&PA T11.Members shall be 
closely fitted, accurately set to required lines and levels, and rigidly 
secured in place.  Members shall be cut, notched, or bored in accordance 
with applicable requirements of AF&PA T01 for the passage of pipes, wires, 
or conduits.

3.1.2   Roof Framing or Rafters

Tops of supports or rafters shall form a true plane.  Ridge, and hip 
members shall be of depth equal to cut on rafters where practicable, but in 
no case less than depth of rafters.  Hips, and ridges shall be straight and 
true intersections of roof planes.  Rafters, except hip rafters, shall be 
spiked with no less than three 8-penny nails.  Rafters shall be toe-nailed 
to ridge, valley, or hip members with at least three 8-penny nails.  
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Rafters shall be braced to prevent movement until permanent bracing, 
sheathing is installed.  Trussed rafters shall be installed in accordance 
with TPI Bklet HIB.  Engineered wood joists shall be installed in 
accordance with distributor's instructions.

3.2   INSTALLATION OF SHEATHING

3.2.1   Plywood Panels

Sheathing shall be applied with edges 3 mm (1/8 inch) apart at side and end 
joints, and nailed at supported edges at 150 mm (6 inches) on center and at 
intermediate supports 300 mm (12 inches) on center unless otherwise shown.  
Nailing of edges shall be 10 mm (3/8 inch) from the edges.  Roof sheathing 
shall be applied with long dimension at right angles to supports, end 
joints made over supports, and end joints staggered.

3.3   INSTALLATION OF MISCELLANEOUS WOOD MEMBERS

3.3.1   Nailers and Nailing Strips

Nailers and nailing strips shall be provided as necessary for the 
attachment of finish materials.  Nailers used in conjunction with roof deck 
installation shall be installed flush with the roof deck system.  Stacked 
nailers shall be assembled with spikes or nails spaced not more than 450 mm 
 on center and staggered.  Beginning and ending nails shall not be more 
than 150 mm  for nailer end.  Ends of stacked nailers shall be offset 
approximately 300 mm  in long runs and alternated at corners.  Anchors 
shall extend through the entire thickness of the nailer.  Strips shall be 
run in lengths as long as practicable, butt jointed, cut into wood framing 
members when necessary, and rigidly secured in place.  Nailers and nailer 
installation for Factory Mutual wind uplift rated roof systems specified in 
other Sections of these specifications shall conform to the recommendations 
contained in FM LPD 1-49.
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3.4   TABLES

TABLE I.  SPECIES AND GRADE

Nonstress Graded Members

  Grading                              Const   No. 2    No. 2       No. 3
   Rules            Species          Standard  Comm    Board Comm    Comm
__________________________________________________________________________

NHLA Rules
                 Cypress                                     X

NELMA Grading Rules
                 Northern White Cedar                                  X
                 Eastern White Pine      X
                 Northern Pine           X
                 Balsam Fir                                            X
                 Eastern Hemlock-                                      X
                 Tamarack

CRA RIS-01-SS
                 Redwood                         X

SCMA Specs
                 Cypress                                     X

SPIB Rules
                 Southern Pine                   X

WCLIB Std 17
                 Douglas Fir-Larch       X
                 Hem-Fir                 X
                 Sitka Spruce            X
                 Mountain Hemlock        X
                 Western Cedar           X

WWPA Grading Rules
                 Douglas Fir-Larch       X
                 Hem-Fir                 X
                 Idaho White Pine        X
                 Lodgepole Pine                              X
                 Ponderosa Pine                              X
                 Sugar Pine                                  X
                 Englemann Spruce                            X
                 Douglas Fir South                           X
                 Mountain Hemlock                            X
                 Subalpine Fir                               X
                 Western Cedar                               X

    -- End of Section --
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SECTION 06200

FINISH CARPENTRY

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM F 547 (1977; R 1995) Definitions of Terms 
Relating to Nails for Use with Wood and 
Wood-Base Materials

AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA)

AWPA C9 (1997) Plywood - Preservative Treatment by 
Pressure Processes

AWPA P5 (1997) Standards for Waterborne 
Preservatives

CALIFORNIA REDWOOD ASSOCIATION (CRA)

CRA RIS-01-SS (1997) Standard Specifications for Grades 
of California Redwood Lumber

DEPARTMENT OF COMMERCE (DOC)

DOC PS 1 (1996) Voluntary Product Standard - 
Construction and Industrial Plywood

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA LD 3 (1995) High-Pressure Decorative Laminates

NORTHEASTERN LUMBER MANUFACTURERS ASSOCIATION (NELMA)

NELMA Grading Rules (1997) Standard Grading Rules for 
Northeastern Lumber

SOUTHERN CYPRESS MANUFACTURERS ASSOCIATION (SCMA)

SCMA Specs (1986; Supple No. 1, Aug 1993) Standard 
Specifications for Grades of Southern 
Cypress

SOUTHERN PINE INSPECTION BUREAU (SPIB)

SPIB Rules (1994; Supple 8 thru 11) Standard Grading 
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Rules for Southern Pine Lumber

WEST COAST LUMBER INSPECTION BUREAU (WCLIB)

WCLIB Std 17 (1996; Supples VII(A-E), VIII(A-C)) 
Grading Rules for West Coast Lumber

WESTERN WOOD PRODUCTS ASSOCIATION (WWPA)

WWPA Grading Rules (1999) Western Lumber Grading Rules 95 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Wood Items and Trim

  Manufacturer's printed data indicating the usage of engineered 
or recycled wood products, and environmentally safe preservatives.

SD-04 Samples

Plastic Laminate 

Fascias and Trim

  Samples shall be of sufficient size to show patterns, color 
ranges, and types, as applicable, of the material proposed to be 
used.

1.3   DELIVERY AND STORAGE

Materials shall be delivered to the site in undamaged condition, stored off 
ground in fully covered, well-ventilated areas, and protected from extreme 
changes in temperature and humidity.

PART 2   PRODUCTS

2.1   WOOD ITEMS AND TRIM

The Contractor shall furnish products which optimize design by reducing the 
amount of wood used (engineered wood), or recycled wood products, and 
preservatives without arsenic or chromium when the products and methods are 
competitive in price or directed by the Contracting Officer.

2.1.1   Grading and Marking

Materials shall bear the grademark, stamp or other identifying marks 
indicating grades of material and rules or standards under which produced. 
Such identifying marks on a material shall be in accordance with the rule 
or standard under which the material is produced, including requirements 
for qualifications and authority of the inspection organization, usage of 
authorized identification, and information included in the identification. 
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The inspection agency for lumber shall be certified by the Board of Review, 
American Lumber Standards Committee, to grade the species used.  Except for 
plywood, wood structural panels, and lumber, bundle marking will be 
permitted in lieu of marking each individual piece.  Surfaces that are to 
be architecturally exposed to view shall not bear grademarks, stamps, or 
other types of identifying marks.

2.1.2   Sizes and Patterns

Lumber sizes and patterns shall conform to rules or standards under which 
produced.  Unless otherwise specified, lumber shall be surfaced on four 
sides.  Sizes and patterns for materials other than lumber shall conform to 
requirements of the rules or standards under which produced.  Size 
references, unless otherwise specified, are nominal sizes, and actual sizes 
shall be within manufacturing tolerances allowed by the standard under 
which the product is produced.

2.1.3   Moisture Content

The maximum moisture content of untreated trim and wood siding shall be 15 
percent at the time of delivery to the jobsite and when installed.  
Moisture content of all other material shall be in accordance with the 
standard under which the product is produced.

2.1.4   Preservative Treatment

Plywood shall be treated in accordance with AWPA C9 with waterborne 
preservatives listed in AWPA P5 to a retention level as follows:

a.  4 kg per cubic meter (0.25 pcf)  intended for above ground use.

2.1.5   Softwood Plywood

DOC PS 1, exterior type, Grade B-C, sanded 2 sides.

2.1.6   Laminated Plastic

NEMA LD 3, GP 50, BK-20 for horizontal backing sheet.  Color and pattern 
shall be as selected.  Contact adhesive shall be type as recommended by the 
laminated plastic manufacturer.

2.1.7   Fascias and Trim

2.1.7.1   Wood

Fascias and trim shall be species and grade listed in TABLE I at the end of 
this section.  Sizes shall be as indicated.

2.2   NAILS

Nails shall be the size and type best suited for the purpose and shall 
conform to ASTM F 547.  Nails shall be hot-dip galvanized.

PART 3   EXECUTION

3.1   GENERAL FINISH WORK

Provide sizes, materials, and designs as indicated or as specified herein.  
Where practicable, shop assemble and finish items of built-up millwork.  
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Joints shall be tight and constructed in a manner that will conceal 
shrinkage.  Miter trim and moldings at exterior angles and cope at interior 
angles and at returns; align all vertical lines.  Material shall show no 
excessive warp.  Install millwork and trim in the maximum practical 
lengths.  Fasten finish work with finish nails.  Provide blind nailing 
where practicable.  Set face nails and stop with nonstaining putty to match 
finish work.

3.1.1   Exterior Finish Work

Machine sand exposed flat members and square edges.  Machine finish 
semi-exposed surfaces.  Construct joints to exclude water.  In addition to 
nailing, glue joints of built-up items as necessary, for weather-resistant 
construction.  Provide well distributed end joints in built-up members.  
Shoulder joints in flat work.  Hold backs of wide-faced miters together 
with metal rings and glue.  Fascias and other flat members, unless 
otherwise indicated, shall be 3/4 inch thick.  Provide door and window trim 
in single lengths.  Provide braced, blocked, and rigidly anchored cornices 
for support and protection of vertical joints.

3.1.2   Fascias and Exterior Trim

Exposed surfaces and square edges shall be machine sanded, caulked, and 
constructed to exclude water.  Joints of built-up items, in addition to 
nailing, shall be glued as necessary for weather-resistant construction. 
End joints in built-up members shall be well distributed.  Joints in flat 
work shall be shouldered.  Backs of wide-faced miters shall be held 
together with metal rings and glue.  Fascias and other flat members shall 
be in maximum practicable lengths.  Cornices shall be braced, blocked, and 
rigidly anchored for support and protection of vertical joints.

3.1.3   Laminated Plastic Counter

Counter top shall be not less than (3/4") 19 mm plywood thick core with 
laminated plastic finish on top, bottom and edges.  Self-edges shall be 
applied before top sheet, trimmed flush with core on bottom, beveled and 
filed smooth on top.  All exposed edges shall be finished to match the top 
surface.  Edges of plastic surface shall be beveled at an approximate 60 
degree angle to eliminate sharp corners.  Bond plastic laminate under 
pressure to plywood with contact adhesive.  Plastic laminate shall be free 
of glue, paint, handling and tool marks.

3.2   TABLES

TABLE I.  SPECIES AND GRADE TABLES

  Grading                                                           C &
   Rules               Species        Choice     Clear   C Select   Better
_______________________________________________________________________________

  NELMA Grading Rules
                   Eastern Cedar                                      X
                   Eastern Hemlock                 X
                   Tamarack                                           X
                   Eastern W. Pine                                    X
                   Northern Pine                                      X
                   Eastern Spruce                           X
                   Balsam Fir                      X
  CRA RIS-01-SS    Redwood                         X
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TABLE I.  SPECIES AND GRADE TABLES

  Grading                                                           C &
   Rules               Species        Choice     Clear   C Select   Better
_______________________________________________________________________________
  SCMA Specs       Cypress                                  X
  SPIB Rules       Southern Pine                                      X
  WCLIB Std 17     Douglas Fir                                        X
                   Larch                                              X
                   Hemlock Fir                                        X
                   Mountain Hemlock                                   X
                   Sitka Spruce                                       X
  WWPA Grading Rules
                   Douglas Fir                                        X
                   Larch                                              X
                   Hemlock Fir                     X
                   Mountain Hemlock                                   X
                   Western Larch                   X
                   Idaho White Pine      X
                   Lodgepole Pine                  X
                   Ponderosa Pine                  X
                   Sugar Pine                      X
                   Englemann Spruce                X
                   Douglas Fir South               X
                   Subalpine Fir                   X

  NOTE 1:  Western Cedar under WCLIB Std 17 shall be Grade B; and under   
WWPA Grading Rules, Western Cedar shall be Grade A for trim.

    -- End of Section --
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SECTION 07212

REFLECTIVE CEILING INSULATION

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 236 (1989; R 1993el) Steady-State Thermal 
Performance of Building Assemblies by 
Means of a Guarded Hot Box

ASTM E 84 (1999) Surface Burning Characteristics of 
Building Materials  

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Reflective Ceiling Insulation

Materials

Submit manufacturer's catalog data for materials specified.

SD-08 Manufacturer's Instructions

Reflective Ceiling insulation

Submit manufacturer's installation instructions for wall and 
ceiling insulation.

1.3   DELIVERY AND STORAGE

1.3.1   Delivery

Deliver materials to the site in the original sealed wrapping bearing 
manufacturer's name and brand designation, specification number, type, 
grade, R-value, and class.  Store and handle to protect materials from 
damage.  Do not allow insulation materials to become wet or soiled.  Comply 
with manufacturer's recommendations for handling, storage, and protection 
during installation.
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1.3.2   Storage

Inspect materials delivered to the site for damage; unload and store out of 
weather in manufacturer's original packaging.  Store only in dry locations, 
not subject to open flames or sparks, and easily accessible for inspection 
and handling.

PART 2   PRODUCTS

2.1   MATERIALS

2.1.1   Reflective Ceiling Insulation

Reflective insulation consists of two layers of aluminum foil laminated to 
the outside of two layers of heavy-duty polyethylene air-bubble cushioning. 
 These bubbles form trapped air spaces between the foil surfaces to give 
excellent "R" values.  Reflective insulation have the following minimum 
requirements:

R-values in accordance ASTM C 236. 
15.0 (Down)
7.31 (Horizontal)
5.4 (Up)

Surface burning characteristics when tested in accordance with
ASTM E 84: Flame spread: 20 or less; Smoke development: 30 or less.

Thickness:  8 mm, (5/16") nominal.
Weight:  0.38 kg per square meter (1.25 oz per sq ft)
Puncture resistance:  455 kPai (66 #/sq in)
Roll size:  1200 mm and 1800 mm (4 ft and 6 ft)
Linear Shrinkage:  None.
Degradation:  Zero.

2.1.2   Recylced Materials

Provide insulation containing recycled materials to the extent practicable, 
provided the material meets all other requirements of this section.

2.1.3   Prohibitive Materials

Do not provide materials containing asbestos.

2.1.4   Adhesive

Type as recommended by the insulation manufacturer.

2.1.5   Mechanical Anchors

Type as recommended by the insulation manufacturer.

2.1.6   Tape

Polyester self-adhering type, mesh reinforced, (2") 50 mm wide.

PART 3   EXECUTION

3.1   PREPARATION OF SURFACES

Surfaces shall be clean, dry, and free of any projections.
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3.2   INSTALLATION

3.2.1   Ceiling Reflective Insulation

Comply with manufacturer's instruction for particular conditions of 
installation.  Extend insulation as indicated over entire area to be 
insulated.  Cut and fit tightly around obstructions.  Remove projections 
interfering with placement.  Apply single layer of insulation of required 
thickness to substrate using self-tapping screws and washers or with 
pressure sensitive aluminum tape; tape all seams.  Do not use duct tape.

        -- End of Section --
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SECTION 07240

EXTERIOR FINISH SYSTEM (EFS)

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM C 150 (1999a) Portland Cement

ASTM C 473 (1999el) Physical Testing of Gypsum Panel 
Products

ASTM C 1177/C 1177M (1999) Glass Mat Gypsum Substrate for Use 
as Sheathing

ASTM C 1186 (1998a) Flat Non-Asbestos Fiber Cement 
Sheets

ASTM D 968 (1993) Abrasion Resistance of Organic 
Coatings by Falling Abrasive

ASTM D 2247 (1999) Testing Water Resistance of 
Coatings in 100% Relative Humidity

ASTM D 3273 (1994) Resistance to Growth of Mold on the 
Surface of Interior Coating in an 
Environmental Chamber

ASTM E 84 (1999) Surface Burning Characteristics of 
Building Materials

ASTM E 119 (1998) Fire Tests of Building Construction 
and Materials

ASTM E 136 (1998e1) Behavior of Materials in a 
Vertical Tube Furnace at 750 Degrees C

ASTM E 331 (1996) Water Penetration of Exterior 
Windows, Curtain Walls, and Doors by 
Uniform Static Air Pressure Difference

ASTM G 23 (1996) Operating Light-Exposure Apparatus 
(Carbon-Arc Type) With and Without Water 
for Exposure of Nonmetallic Materials
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EIFS INDUSTRY MEMBERS ASSOCIATION (EIMA) 

EIMA TM 101.86 (1995; Rev Aug 1995)Resistance of Exterior 
Insulation and Finish Systems (EIFS), 
Class PB to the Effects of Rapid 
Deformation (Impact)

EIMA TM 105.01 (1995) Alkali Resistance of Glass Fiber 
Reinforcing Mesh for Use in Exterior 
Insulation and Finish Systems (EIFS), 
Class PB

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS (ICBO)

ICBO Bldg Code (1997) Uniform Building Code (3 Vol.)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 268 (1996)Determining Ignitibility of Exterior 
Wall Assemblies Using a Radiant Heat 
Energy Source 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Exterior Finish System

  System manufacturer's literature including specifications and 
details.  For sealants, shelf life and recommended cleaning 
solvents shall be included.  Material safety data sheets (MSDS) 
shall be supplied for the components of the EIFS and be available 
at the job site.

Water Vapor Transmission Analysis

  The temperature and relative humidity for the inside and outside 
of the building.  A complete listing of building components, 
including the thicknesses, thermal resistances and vapor data for 
each layer of the wall system, as well as building location and 
use shall be attached.

Exterior Finish System

  Two copies of manufacturer's standard printed instructions for 
installation of the EFS.

SD-04 Samples

Exterior Finish System

  Two samples of each exterior finish system demonstrating 
aesthetic effects and qualities of materials and execution.
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SD-06 Test Reports

Exterior Finish System

  Test Reports by an approved, independent testing laboratory 
indicating that the EFS complies with the specified performance 
requirements.

SD-07 Certificates

Qualifications

  Evidence that the manufacturer has a minimum of 3 years 
experience manufacturing EFS.  A list of installations using the 
same products and applicator shall be included.

Qualifications

  Certification from sealant manufacturer attesting that the 
sealant applicator is approved for the proper sealant installation 
for EFS.

Installer

  Certification attesting that EFS installer is trained and 
approved by the EFS manufacturer.

Warranty

  At the completion of the project, signed copies of the 5-year 
warranty for the EFS, a sample copy of which is attached to this 
section, and the manufacturer's standard material warranties.

1.3   DESCRIPTION

The exterior finish system (EFS) shall be a job-fabricated exterior wall 
covering consisting of reinforcing fabric mesh, base coat, finish coat, and 
accessories.  The system components shall be compatible with each other and 
with the substrate and be products of, or approved by, a single 
manufacturer regularly engaged in furnishing exterior finish systems.  Only 
an installer trained and approved by the EFS manufacturer shall be used.  
EFS shall be Class PB and medium finish.

1.4   PERFORMANCE REQUIREMENTS

Unless otherwise noted, the test specimens shall consist of reinforcement, 
base coat and finish coat applied in accordance with the manufacturer's 
printed recommendations to an insulation board common to the system.  These 
specimens shall be suitably sized for the apparatus used and allowed to 
cure for a minimum of 28 days prior to testing.

1.4.1   Abrasion Resistance

The system shall be tested for abrasion resistance in accordance with ASTM 
D 968, Method A.  A minimum of two specimens shall be tested with no 
cracking, checking, or loss of film integrity after 500 liters  of sand.

1.4.2   Accelerated Weathering
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The system shall be tested for accelerated weathering in accordance with 
ASTM G 23, Method 1.  The specimen shall be tested for a period of 2,000 
hours without visible cracking, flaking, peeling, blistering, yellowing, 
fading, or other such deteriorations.

1.4.3   Mildew-Fungus Resistance

The system shall be tested for mildew-fungus resistance using ASTM D 3273.  
The specimen shall consist of the finish coat material only, applied to 
clean 75 by 100 mm (3 by 4 inch) glass slides and shall be allowed to cure 
for 28 days.  After 28 days of exposure the specimens shall not show any 
growth.

1.4.4   Salt Spray Resistance

The system shall be tested for salt spray resistance in accordance with 
ASTM B 117.  The specimens shall be a minimum size of 100 by 150 mm (4 by 6 
inch) and shall be tested for 300 hours with no observable deterioration.

1.4.5   Water Penetration

The system shall be tested for water penetration by uniform static air 
pressure in accordance with ASTM E 331.  No penetration of water beyond the 
plane of the base coat/EPS board interface after 15 minutes at 6.24 psf 
(299 Pa), or 20% of positive design wind pressure, whichever is greater.

1.4.6   Water Resistance

The system shall be tested for water resistance in accordance to ASTM D 2247. 
 The specimens shall be a minimum size of 100 by 150 mm (4 by 6 inch) and 
shall be tested for 14 days with no cracking, checking, crazing erosion, 
blistering, peeling or delamination after 14 days exposure.

1.4.7   Fire Resistance

1.4.7.1   Surface Burning Characteristics

Flame spread test samples shall consist of base coat, reinforcing fabric 
mesh and finish coat, applied to a non-combustible substrate.  A minimum of 
three samples shall be tested in accordance with ASTM E 84 and shall have a 
flame spread index of 25 or less and a smoke development value of 450 or 
less.

1.4.7.2   Flammability Characteristics (Full-Scale or Intermediate-
Scale Multistory Fire Test)

Multistory wall fire test specimens shall include the complete system with 
no less than 100 mm (4 inches) of insulation board.  Test shall be 
performed in accordance with UBC Standard 26-4 or (optional) UBC Standard 
26-9 both contained in Volume 3 of ICBO Bldg Code, and must meet the 
conditions of acceptance which include:

a.  No vertical spread of flame within the core of the panel from one 
story to the next.

b.  No flame propagation over the exterior surface.

c.  No vertical spread of flame over the interior surface from one 
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story to the next.

d.  No significant lateral spread of flame from the compartment of 
fire origin to adjacent spaces.

1.4.7.3   Radiant Heat

The system shall be tested in accordance with NFPA 268 with no ignition 
during the 20 minute period.

1.4.7.4   Fire Endurance

The system shall be tested according to ASTM E 119 with no effect on the 
fire resistance rating of the wall assembly.

1.4.8   Impact Resistance 

1.4.8.1   Hemispherical Head Test

The Class PB system shall have been tested and shown to be capable of 
withstanding an impact of 6-10 N-m (25-49 inch pounds) when tested in 
accordance with EIMA TM 101.86.

1.5   WATER VAPOR TRANSMISSION ANALYSIS

Perform a water vapor transmission analysis based on the project specific 
climate.

1.6   QUALITY ASSURANCE

1.6.1   Qualifications

a.  The EFS shall be the product of a manufacturer who has been in the 
practice of manufacturing and designing EFS for a period of not 
less than 3 years, and has been involved in at least five projects 
similar to this project in size, scope and complexity.

b.  The Contractor shall be trained and approved by the EFS 
manufacturer to install the system and shall have successfully 
installed at least five projects at or near the size and 
complexity of this project.  The Contractor shall employ qualified 
workers trained and experienced in installing the manufacturer's 
EFS.

1.7   DELIVERY AND STORAGE

Materials shall be delivered to the jobsite in their original unopened 
packages, clearly marked with the manufacturer's name, brand name, and 
description of contents.  Storage shall be in accordance with the 
manufacturer's recommendations in a clean, dry, well-ventilated area.  
Stored materials shall be protected from sunlight, and kept away from 
excessive heat.

1.8   ENVIRONMENTAL CONDITIONS

Installed materials shall be protected from inclement weather until they 
are dry.

1.9   WARRANTY
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Manufacturer's standard warranty for the EFS shall be furnished.  Warranty 
shall run directly to the Government and cover a period of not less than 5 
years from date of Government's acceptance.

PART 2   PRODUCTS

2.1   SHEATHING BOARD

2.1.1   Cement Board

Sheathing, minimum 13 mm (1/2 inch) thick, shall be non-combustible 
exterior cement board per ASTM E 136.  Sheathing boards shall meet the 
requirements of ASTM C 1186, Type B, Grade I, water absorption not to 
exceed 17 percent maximum.  Nail Pull Resistance, when tested in accordance 
with ASTM C 473, shall be no less than 534 N (120 lb).

2.1.2   Glass Mat Gypsum Sheathing Board 

Sheathing shall conform to ASTM C 1177/C 1177M.  Nail Pull Resistance, when 
tested in accordance with ASTM C 473, shall be no less than 534 N (120 lb).

2.2   BASE COAT

Base coat shall be the manufacturer's standard product and shall be 
compatible with other system components.

2.3   PORTLAND CEMENT 

Portland cement shall conform to ASTM C 150, Type I or II as required, 
shall be fresh, free of lumps, and approved by the system manufacturer. 

2.4   REINFORCING FABRIC MESH

Reinforcing fabric mesh shall be alkali-resistant, balanced, open weave, 
glass fiber fabric made from twisted multi-end strands specifically treated 
for compatibility with the other system materials,and comply with EIMA TM 
105.01.

2.5   FINISH COAT

The finish coat shall be manufacturer's standard product of the color and 
texture specified.  For color consistency, use materials from the same 
batch or lot number.

PART 3   EXECUTION 

3.1   SURFACE PREPARATION

Surface shall be sound and free of oil, loose materials or protrusions 
which will interfere with the system installation.  For adhesively attached 
EIFS, existing deteriorated or weathered paint must be removed.  Due to 
substrate conditions or as recommended by the system manufacturer, a primer 
may be required.  The primer shall be mixed and applied per the 
manufacturer's instructions.  The substrate shall be plane, with no 
deviation greater than 6 mm (1/4 inch) when tested with a 3 m (10 foot) 
straightedge.  The Contractor shall not proceed with the installation until 
all noted deficiencies are corrected.
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3.2   INSTALLATION

Installation shall conform to the system manufacturer's printed 
recommendations except as otherwise specified.  Acceptable installer shall 
be prequalified under the requirements of paragraph QUALITY ASSURANCE.

3.3   SHEATHING BOARD

Sheathing board shall be attached with self-tapping drywall screws.  Screws 
for application of the sheathing board shall be spaced not more than 200 mm 
(8 inches) on each supporting member.  Fasteners shall be more closely 
spaced when required for negative wind load resistance.  Edges and ends of 
sheathing boards shall be butted snugly with vertical joints staggered to 
provide full and even support for the insulation board.

3.4   BASE COAT AND REINFORCING FABRIC MESH

3.4.1   Class PB EFS

Base coat shall be mixed in accordance with the manufacturer's instructions 
and applied to insulated wall surfaces to the thickness as specified by the 
system manufacturer.  The reinforcing fabric mesh shall be troweled and 
fully embedded into the wet base coat material.  When properly worked-in, 
the pattern of the reinforcing fabric mesh shall not be visible.  Diagonal 
reinforcement shall be provided at opening corners.  All terminations of 
the EFS shall be backwrapped.  The reinforcing fabric mesh shall be 
overlapped a minimum of 65 mm (2-1/2 inches) on previously installed 
mesh,or butted, in accordance with the manufacturer's instructions.  The 
adhered insulation board shall be allowed to dry for 24 hours, or longer if 
necessary, prior to proceeding with the installation of the base 
coat/reinforcing fabric mesh.

3.5   FINISH COAT

Finish coat shall be applied and leveled in one operation.  Final texture 
shall be obtained by trowels, floats, or by spray application as necessary 
to achieve the required finish.  The finish coat shall be applied to the 
dry base coat maintaining a wet edge at all times to obtain a uniform 
appearance.  The thickness of the finish coat shall be in accordance with 
the system manufacturer's current published instructions.  Finish coat 
shall be applied without covering surfaces to which joint sealants are to 
be applied.  The base coat/reinforcing mesh shall be allowed to dry (a 
minimum of 24-hours) prior to the application of the finish coat.  Surface 
irregularities in the base coat, such as trowel marks, board lines, 
reinforcing mesh laps, etc., shall be corrected prior to application of the 
finish coat.

3.6   CLEAN-UP

Upon completion of the work, all equipment, materials and debris shall be 
removed from site.  All temporary protection installed to facilitate 
installation of EFS shall be removed.

    -- End of Section --
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SECTION 07416

STRUCTURAL STANDING SEAM METAL ROOF (SSSMR) SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC ASD Spec S335 (1989) Specification for Structural Steel 
Buildings - Allowable Stress Design, 
Plastic Design

AMERICAN IRON AND STEEL INSTITUTE (AISI)

AISI Cold-Formed Mnl (1996) Cold-Formed Steel Design Manual

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 463/A 463M (1999a) Steel Sheet, Aluminum-Coated, by 
the Hot-Dip Process

ASTM A 653/A 653M (1999a) Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process

ASTM A 792/A 792M (1999) Steel Sheet, 55% Aluminum-Zinc 
Alloy-Coated by the Hot-Dip Process

ASTM D 522 (1993a) Mandrel Bend Test of Attached 
Organic Coatings

ASTM D 523 (1989; R 1999) Specular Gloss

ASTM D 610 (1995) Evaluating Degree of Rusting on 
Painted Steel Surfaces

ASTM D 714 (1987; R 1994el) Evaluating Degree of 
Blistering of Paints

ASTM D 968 (1993) Abrasion Resistance of Organic 
Coatings by Falling Abrasive

ASTM D 1308 (1987; R 1998) Effect of Household 
Chemicals on Clear and Pigmented Organic 
Finishes

ASTM D 1654 (1992) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
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Environments

ASTM D 2244 (1995) Calculation of Color Differences 
from Instrumentally Measured Color 
Coordinates

ASTM D 2247 (1999) Testing Water Resistance of 
Coatings in 100% Relative Humidity

ASTM D 2794 (1993; R 1999el) Resistance of Organic 
Coatings to the Effects of Rapid 
Deformation (Impact)

ASTM D 3359 (1997) Measuring Adhesion by Tape Test

ASTM D 4214 (1998) Evaluating Degree of Chalking of 
Exterior Paint Films

ASTM D 4587 (1991) Conducting Tests on Paint and 
Related Coatings and Materials Using a 
Fluorescent UV-Condensation Light- and 
Water-Exposure Apparatus

ASTM D 5894 (1996) Standard Practice for Cyclic Salt 
Fog/UV Exposure of Painted Metal, 
(Alternating Exposures in a Fog/Dry 
Cabinet and a UV/Condensation Cabinet)

ASTM E 1592 (1998) Structural Performance of Sheet 
Metal Roof and Siding Systems by Uniform 
Static Air Pressure Difference

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE)

ASCE 7 (1998) Minimum Design Loads for Buildings 
and Other Structures 

1.2   GENERAL REQUIREMENTS

The Contractor shall furnish a commercially available roofing system which 
satisfies all requirements contained herein and has been verified by load 
testing and independent design analyses to meet the specified design 
requirements.

1.2.1   Structural Standing Seam Metal Roof (SSSMR) System

The SSSMR system covered under this specification shall include the entire 
roofing system; the standing seam metal roof panels, fasteners, connectors, 
roof securement components, and assemblies tested and approved in 
accordance with ASTM E 1592.  In addition, the system shall consist of 
panel finishes, all accessories, components, and trim and all connections 
with roof panels.  This includes roof penetration items such as vents, 
eaves, ridge, hip, rake, gable, wall, or other roof system flashings 
installed and any other components specified within this contract to 
provide a weathertight roof system.

1.2.2   Manufacturer

The SSSMR system shall be the product of a manufacturer who has been in the 
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practice of manufacturing and designing SSSMR systems for a period of not 
less than 3 years and has been involved in at least five projects similar 
in size and complexity to this project.

1.2.3   Installer

The installer shall be certified by the SSSMR system manufacturer to have 
experience in installing at least three projects that are of comparable 
size, scope and complexity as this project for the particular roof system 
furnished.  The installer may be either employed by the manufacturer or be 
an independent installer.

1.3   DESIGN REQUIREMENTS

The design of the SSSMR system shall be provided by the Contractor as a 
complete system.  Members and connections not indicated on the drawings 
shall be designed by the Contractor.  Roof panels, components, transitions, 
accessories, and assemblies shall be supplied by the same roofing system 
manufacturer.

1.3.1   Design Criteria

Design criteria shall be in accordance with ASCE 7.

1.3.2   Dead Loads

The dead load shall be the weight of the SSSMR system.  Collateral loads 
such as sprinklers, mechanical and electrical systems, and ceilings shall 
not be attached to the panels.

1.3.3   Live Loads

1.3.3.1   Concentrated Loads

The panels and anchor clips shall be capable of supporting a 1335 N  
concentrated load.  The concentrated load shall be applied at the panel 
midspan and will be resisted by a single standing seam metal roof panel 
assumed to be acting as a beam.  The undeformed shape of the panel shall be 
used to determine the section properties.

1.3.3.2   Uniform Loads

The panels and concealed anchor clips shall be capable of supporting a 
minimum uniform live load of 960 Pa (20 psf).

1.3.4   Wind Loads

The design wind uplift pressure for the roof system shall be as shown on 
the contract drawings.  The design uplift force for each connection 
assembly shall be that pressure given for the area under consideration, 
multiplied by the tributary load area of the connection assembly.  The 
safety factor listed below shall be applied to the design force and 
compared against the ultimate capacity.  Prying shall be considered when 
figuring fastener design loads.

     a.  Single fastener in each connection.........3.0

     b.  Two or more fasteners in each connection...2.25

SECTION 07416  Page 5



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

1.3.5   Thermal Loads

Roof panels shall be free to move in response to the expansion and 
contraction forces resulting from a total temperature range of 20 degrees C 
(70 degrees F) during the life of the structure.

1.3.6   Framing Members Supporting the SSSMR System

Any additions/revisions to framing members supporting the SSSMR system to 
accommodate the manufacturer/fabricator's design shall be the Contractor's 
responsibility and shall be submitted for review and approval.  New framing 
members and their connections shall be designed in accordance with AISC ASD 
Spec S335.  Maximum deflection under applied live load, or wind load shall 
not exceed 1/180 of the span length.

1.3.7   Roof Panels Design

Steel panels shall be designed in accordance with AISI Cold-Formed Mnl.  
The structural section properties used in the design of the panels shall be 
determined using the unloaded shape of the roof panels.  The calculated 
panel deflection from concentrated loads shall not exceed 1/180 of the span 
length.  The calculated panel deflection under applied live load, snow, or 
wind load shall not exceed 1/180 times the span length.  Deflections shall 
be based on panels being continuous across three or more supports.  
Deflection shall be calculated and measured along the major ribs of the 
panels.

1.3.8   Accessories and Their Fasteners

Accessories and their fasteners shall be capable of resisting the specified 
design wind uplift forces and shall allow for thermal movement of the roof 
panel system.  Exposed fasteners shall not restrict free movement of the 
roof panel system resulting from thermal forces.  There shall be a minimum 
of two fasteners per clip.  Single fasteners with a minimum diameter of 9 
mm (3/8 inch) will be allowed when the supporting structural members are 
prepunched or predrilled.

1.4   PERFORMANCE REQUIREMENTS

The SSSMR shall be tested for wind uplift resistance in accordance with 
ASTM E 1592; SSSMR systems previously tested and approved by the Corps of 
Engineers' STANDARD TEST METHOD FOR STRUCTURAL PERFORMANCE OF SSMRS BY 
UNIFORM STATIC AIR PRESSURE DIFFERENCE may be acceptable.  Two tests shall 
be performed.  Test 1 shall simulate the edge condition with one end having 
crosswise restraint and other end free of crosswise restraint.  The maximum 
span length for the edge condition shall be 750 mm (30 inches).  Test 2 
shall simulate the interior condition with both ends free of crosswise 
restraint.  The maximum span length for the interior condition shall be 1.5 
m (5.0 feet).  External reinforcement, such as clamps on the ribs, may be 
installed to improve uplift resistance.  Bolts through seams shall not be 
installed.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:
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SD-02 Shop Drawings

Structural Standing Seam Metal Roof (SSSMR) System.

  Metal roofing drawings and specifications and erection drawings; 
shop coating and finishing specifications; and other data as 
necessary to clearly describe design, materials, sizes, layouts, 
standing seam configuration, construction details, provisions for 
thermal movement, line of panel fixity, fastener sizes and 
spacings, sealants and erection procedures.  Drawings shall 
reflect the intent of the architectural detailing using the 
manufacturer's proprietary products and fabricated items as 
required.  The SSSMR system shop drawings shall be provided by the 
metal roofing manufacturer.

SD-03 Product Data

Design Analysis.

Qualifications.

SD-04 Samples

Accessories.

  One sample of each type of flashing, trim, closure, thermal 
spacer block, cap and similar items.  Size shall be sufficient to 
show construction and configuration.

Roof Panels.

  One piece of each type to be used, 225 mm (9 inches) long, full 
width.

Factory Color Finish.

  Three 75 by 125 mm (3 by 5 inches) samples of each type and 
color.

Fasteners.

  Two samples of each type to be used, with statement regarding 
intended use.  If so requested, random samples of bolts, nuts, and 
washers as delivered to the job site shall be taken in the 
presence of the Contracting Officer and provided to the 
Contracting Officer for testing to establish compliance with 
specified requirements.

Gaskets and Insulating Compounds.

  Two samples of each type to be used and descriptive data.

Concealed Anchor Clips.

  Two samples of each type used.

EPDM Rubber Boots.
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  One piece of each type.

SD-06 Test Reports

Test Report for Uplift Resistance of the SSSMR.

  The report shall include the following information:

     a.  Details of the SSSMR system showing the roof panel 
cross-section with dimensions and thickness.

     b.  Details of the anchor clip, dimensions, and thickness.

     c.  Type of fasteners, size, and the number required for each 
connection.

     d.  Description of the seaming operation including equipment 
used.

     e.  Maximum allowable uplift pressures.  These pressures are 
determined from the ultimate load divided by a factor of safety 
equal to 1.65.

     f.  Any additional information required to identify the SSSMR 
system tested.

     g.  Signature and seal of an independent registered engineer 
who witnessed the test.

SD-07 Certificates

Structural Standing Seam Metal Roof (SSSMR) System.

     a.  Certification that the actual thickness of uncoated 
sheets used in SSSMRS components including roofing panels, 
subpurlins, and concealed anchor clips complies with specified 
requirements.

     b.  Certification that materials used in the installation are 
mill certified.

     c.  Previous certification of SSSMR system tested under the 
Corps of Engineers' Standard Test Method in lieu of ASTM E 1592 
testing.

     d.  Certification that the sheets to be furnished are 
produced under a continuing quality control program and that a 
representative sample consisting of not less than three pieces has 
been tested and has met the quality standards specified for 
factory color finish.

     e.  Certification of installer.  Installer certification 
shall be furnished.

     f.  Warranty certificate.  At the completion of the project 
the Contractor shall furnish signed copies of the 5-year Warranty 
for Structural Standing Seam Metal Roof (SSSMR) System, a sample 
copy of which is attached to this section, and the 20-year 
Manufacturer's Material Warranties, and the manufacturer's 20-year 
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system weathertightness warranty.

1.5.1   Qualifications.

Qualifications of the manufacturer and installer.

1.5.2   Design Analysis.

Design analysis signed by a Registered Professional Engineer employed by 
the SSSMR manufacturer.  The design analysis shall include a list of the 
design loads, and complete calculations for the support system (when 
provided by the Contractor), roofing system and its components; screw 
pullout test results, and shall indicate how expected thermal movements are 
accommodated.

1.6   DELIVERY AND STORAGE

Materials shall be delivered to the site in a dry and undamaged condition 
and stored out of contact with the ground.  Materials shall be covered with 
weathertight coverings and kept dry.  Storage conditions shall provide good 
air circulation and protection from surface staining.

1.7   WARRANTIES

The SSSMR system shall be warranted as outlined below.  Any emergency 
temporary repairs conducted by the owner shall not negate the warranties.

1.7.1   Contractor's Weathertightness Warranty

The SSSMR system shall be warranted by the Contractor on a no penal sum 
basis for a period of five years against material and workmanship 
deficiencies; system deterioration caused by exposure to the elements 
and/or inadequate resistance to specified service design loads, water 
leaks, and wind uplift damage.  The SSSMR system covered under this 
warranty shall include the entire roofing system including, but not limited 
to, the standing seam metal roof panels, fasteners, connectors, roof 
securement components, and assemblies tested and approved in accordance 
with ASTM E 1592.  In addition, the system shall consist of panel finishes, 
all accessories, components, and trim and all connections with roof panels. 
 This includes roof penetration items such as eaves, ridge, hip, rake, 
gable, wall, or other roof system flashings installed and any other 
components specified within this contract to provide a weathertight roof 
system; and items specified in other sections of these specifications that 
are part of the SSSMR system.  All material and workmanship deficiencies, 
system deterioration caused by exposure to the elements and/or inadequate 
resistance to specified design loads, water leaks and wind uplift damage 
shall be repaired as approved by the Contracting Officer.  See the attached 
Contractor's required warranty for issue resolution of warrantable defects. 
 This warranty shall warrant and cover the entire cost of repair or 
replacement, including all material, labor, and related markups.  The 
Contractor shall supplement this warranty with written warranties from the 
installer and system manufacturer, which shall be submitted along with 
Contractor's warranty; however, the Contractor shall be ultimately 
responsible for this warranty.  The Contractor's written warranty shall be 
as outlined in attached WARRANTY FOR STRUCTURAL STANDING SEAM METAL ROOF 
(SSSMR) SYSTEM, and shall start upon final acceptance of the facility.  It 
is required that the Contractor provide a separate bond in an amount equal 
to the installed total roofing system cost in favor of the owner 
(Government) covering the Contractor's warranty responsibilities effective 
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throughout the five year Contractor's warranty period for the entire SSSMR 
system as outlined above.

1.7.2   Manufacturer's Material Warranties.

The Contractor shall furnish, in writing, the following manufacturer's 
material warranties which cover all SSSMR system components such as roof 
panels, anchor clips and fasteners, flashing, accessories, and trim, 
fabricated from coil material:

     a.  A manufacturer's 20 year material warranty warranting that the 
zinc-coated steel, aluminum-zinc alloy coated steel or aluminum-coated 
steel as specified herein will not rupture, structurally fail, fracture, 
deteriorate, or become perforated under normal design atmospheric 
conditions and service design loads.  Liability under this warranty shall 
be limited exclusively to the cost of either repairing or replacing 
nonconforming, ruptured, perforated, or structurally failed coil material.

     b.  A manufacturer's 20 year exterior material finish warranty on the 
factory colored finish warranting that the finish, under normal atmospheric 
conditions at the site, will not crack, peel, or delaminate; chalk in 
excess of a numerical rating of eight, as determined by ASTM D 4214 test 
procedures; or change color in excess of five CIE or Hunter Lab color 
difference (delta E) units in accordance with ASTM D 2244.  Liability under 
this warranty is exclusively limited to refinishing with an air-drying 
version of the specified finish or replacing the defective coated material.

     c.  A roofing system manufacturer's 20 year system weathertightness 
warranty.

1.8   COORDINATION MEETING

A coordination meeting shall be held 30 days prior to the first submittal, 
for mutual understanding of the Structural Standing Seam Metal Roof (SSSMR) 
System contract requirements.  This meeting shall take place at the 
building site and shall include representatives from the Contractor, the 
roof system manufacturer, the roofing supplier, the erector, the SSSMR 
design engineer of record, and the Contracting Officer.  All items required 
by paragraph SUBMITTALS shall be discussed, including applicable standard 
manufacturer shop drawings, and the approval process.  The Contractor shall 
coordinate time and arrangements for the meeting.

PART 2   PRODUCTS

2.1   ROOF PANELS

Panels shall be steel and shall have a factory color finish.  Length of 
sheets shall be sufficient to cover the entire length of any unbroken roof 
slope.  Width of sheets shall provide not more than 600 mm (24 inches) of 
coverage in place.  SSSMR system with roofing panels greater than 300 mm 
(12 inches) in width shall have standing seams rolled during installation 
by an electrically driven seaming machine.  Height of standing seams shall 
be not less than 44 mm (1.75 inches) for rolled seam.

2.1.1   Steel Panels

Steel panels shall be zinc-coated steel conforming to ASTM A 653/A 653M; 
aluminum-zinc alloy coated steel conforming to ASTM A 792/A 792M, AZ 55 
coating; or aluminum-coated steel conforming to ASTM A 463/A 463M, Type 2, 
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coating designation T2 65.  Zinc, zinc-aluminum alloy or aluminum coated 
panels shall be 0.584 mm (0.023 inch) thick minimum.  Panels shall be 
within 95 percent of reported tested thickness as noted in wind uplift 
resistance testing required in paragraph PERFORMANCE REQUIREMENTS.  Prior 
to shipment, mill finish panels shall be treated with a passivating 
chemical to inhibit the formation of oxide corrosion products.  Panels that 
have become wet during shipment and have started to oxidize shall be 
rejected.

2.2   CONCEALED ANCHOR CLIPS

Concealed anchor clips shall be the same as the tested roofing system.  
Clip bases shall have factory punched or drilled holes for attachment.  
Clips shall be made from multiple pieces with the allowance for the total 
thermal movement required to take place within the clip.  Single piece 
clips may be acceptable when the manufacturer can substantiate that the 
system can accommodate the thermal cyclic movement under sustained live or 
snow loads.

2.3   ACCESSORIES

Flashing, trim, metal closure strips, caps and similar metal accessories 
shall be the manufacturer's standard products.  Exposed metal accessories 
shall be finished to match the panels furnished.  Molded closure strips 
shall be bituminous-saturated fiber, closed-cell or solid-cell synthetic 
rubber or neoprene, or polyvinyl chloride premolded to match configuration 
of the panels and shall not absorb or retain water.  The use of a 
continuous angle butted to the panel ends to form a closure will not be 
allowed.

2.4   FASTENERS

Fasteners for steel roof panels shall be corrosion resisting steel, or 
nylon capped steel, type and size specified below or as otherwise approved 
for the applicable requirements.  Fasteners for structural connections 
shall provide both tensile and shear ultimate strengths of not less than 
3340 N (750 pounds) per fastener.  Fasteners for accessories shall be the 
manufacturer's standard.  Exposed roof fasteners shall be sealed or have 
sealed washers on the exterior side of the roof to waterproof the fastener 
penetration.  Washer material shall be compatible with the roofing; have a 
minimum diameter of 10 mm (3/8 inch) for structural connections; and 
gasketed portion of fasteners or washers shall be neoprene or other equally 
durable elastomeric material approximately 3 mm (1/8 inch) thick.  Exposed 
fasteners for factory color finished panels shall be factory finished to 
match the color of the panels.

2.4.1   Screws

Screws for attaching anchor devices shall be not less than No. 14.  Actual 
screw pull out test results shall be performed for the actual material gage 
and yield strength of the structural purlins or subpurlins to which the 
clip is to be anchored/attached.  Other screws shall be as recommended by 
the manufacturer to meet the strength design requirements of the panels.

2.4.2   Bolts

Bolts shall be not less than 6 mm (1/4 inch) diameter, shouldered or plain 
shank as required, with locking washers and nuts.
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2.4.3   Structural Blind Fasteners

Blind screw-type expandable fasteners shall be not less than 6 mm (1/4 
inch) diameter.  Blind (pop) rivets shall be not less than 7 mm (9/32 inch) 
minimum diameter.

2.5   FACTORY COLOR FINISH

Panels shall have a factory applied polyvinylidene fluoride finish on the 
exposed side.  The exterior finish shall consist of a baked-on topcoat with 
an appropriate prime coat.  Color shall match the color indicated.  The 
exterior total system dry film thickness shall be a nominal 0.043 mm (1.7 
mils) consisting of a topcoat of not less than 0.018 mm (0.7 mil) dry film 
thickness and the paint manufacturer's recommended primer of not less than 
0.025 mm (1.0 mil) thickness.  The interior color finish shall consist of 
the same coating and dry film thickness as the exterior.  The exterior 
color finish shall meet the test requirements specified below.

2.5.1   Salt Spray Test

A sample of the sheets shall withstand a cyclic corrosion test for a 
minimum of 2016 hours in accordance with ASTM D 5894, including the scribe 
requirement in the test.  Immediately upon removal of the panel from the 
test, the coating shall receive a rating of not less than 10, no 
blistering, as determined by ASTM D 714; 10, no rusting, as determined by 
ASTM D 610; and a rating of 6, over 2.0 to 3.0 mm (1/16 to 1/8 inch) 
failure at scribe, as determined by ASTM D 1654.

2.5.2   Formability Test

When subjected to testing in accordance with ASTM D 522 Method B, 3 mm (1/8 
inch) diameter mandrel, the coating film shall show no evidence of cracking 
to the naked eye.

2.5.3   Accelerated Weathering, Chalking Resistance and Color Change

A sample of the sheets shall be tested in accordance with ASTM D 4587, test 
condition B for 1,000 total hours.  The coating shall withstand the 
weathering test without cracking, peeling, blistering, loss of adhesion of 
the protective coating, or corrosion of the base metal.  Protective coating 
that can be readily removed from the base metal with tape in accordance 
with ASTM D 3359, Test Method B, shall be considered as an area indicating 
loss of adhesion.  Following the accelerated weathering test, the coating 
shall have a chalk rating not less than No. 8 in accordance with ASTM D 4214
 test procedures, and the color change shall not exceed 5 CIE or Hunter Lab 
color difference (delta E) units in accordance with ASTM D 2244.  For 
sheets required to have a low gloss finish, the chalk rating shall be not 
less than No. 6 and the color difference shall be not greater than 7 units.

2.5.4   Humidity Test

When subjected to a humidity cabinet test in accordance with ASTM D 2247 
for 1000 hours, a scored panel shall show no signs of blistering, cracking, 
creepage or corrosion.

2.5.5   Impact Resistance

Factory-painted sheet shall withstand direct and reverse impact in 
accordance with ASTM D 2794 13 mm (0.500 inch) diameter hemispherical head 
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indenter, equal to 6.7 times the metal thickness in mm, expressed in 
Newton-meters, (1.5 times the metal thickness in mils, expressed in 
inch-pounds,) with no cracking.

2.5.6   Abrasion Resistance Test

When subjected to the falling sand test in accordance with ASTM D 968, 
Method A, the coating system shall withstand a minimum of 50 liters of sand 
before the appearance of the base metal.  The term "appearance of base 
metal" refers to the metallic coating on steel or the aluminum base metal.

2.5.7   Specular Gloss

Finished roof surfaces shall have a specular gloss value of 10 or less at 
an angle of 85 degrees when measured in accordance with ASTM D 523.

2.5.8   Pollution Resistance

Coating shall show no visual effects when covered spot tested in a 10 
percent hydrochloric acid solution for 24 hours in accordance with ASTM D 
1308.

2.6   GASKETS AND INSULATING COMPOUNDS

Gaskets and insulating compounds shall be nonabsorptive and suitable for 
insulating contact points of incompatible materials.  Insulating compounds 
shall be nonrunning after drying.

2.7   EPDM RUBBER BOOTS

Flashing devices around pipe penetrations shall be flexible, one-piece 
devices molded from weather-resistant EPDM rubber.  Rubber boot material 
shall be as recommended by the manufacturer.  The boots shall have base 
rings made of aluminum or corrosion resisting steel that conform to the 
contours of the roof panel to form a weather-tight seal.

PART 3   EXECUTION

3.1   INSTALLATION

Installation shall be in accordance with the manufacturer's erection 
instructions and drawings.  Dissimilar materials which are not compatible 
when contacting each other shall be insulated by means of gaskets or 
insulating compounds.  Molded closure strips shall be installed wherever 
roofing sheets terminate in open-end configurations, exclusive of 
flashings.  The closure strip installation shall be weather-tight and 
sealed.  Screws shall be installed with a clutching screw gun, to assure 
screws are not stripped.  Field test shall be conducted on each gun prior 
to starting installation and periodically thereafter to assure it is 
adjusted properly to install particular type and size of screw as 
recommended by manufacturer's literature.  Improper or mislocated drill 
holes shall be plugged with an oversize screw fastener and gasketed washer; 
however, sheets with an excess of such holes or with such holes in critical 
locations shall not be used.  Exposed surfaces and edges shall be kept 
clean and free from sealant, metal cuttings, hazardous burrs, and other 
foreign material.  Stained, discolored, or damaged sheets shall be removed 
from the site.

3.1.1   Field Forming of Panels for Unique Area
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When roofing panels are formed from factory-color-finished steel coils at 
the project site, the same care and quality control measures that are taken 
in shop forming of roofing panels shall be observed.  Rollformer shall be 
operated by the metal roofing manufacturer's representative.  In cold 
weather conditions, preheating of the steel coils to be field formed shall 
be performed as necessary just prior to the rolling operations.

3.1.2   Roof Panel Installation

Roof panels shall be installed with the standing seams in the direction of 
the roof slope.  The side seam connections for installed panels shall be 
completed at the end of each day's work.  Method of applying joint sealant 
shall conform to the manufacturer's recommendation to achieve a complete 
weather-tight installation.  End laps of panels shall be provided in 
accordance with the manufacturer's instructions.  Closures, flashings, EPDM 
rubber boots, roof curbs, and related accessories shall be installed 
according to the manufacturer's drawings.  Fasteners shall not puncture 
roofing sheets except as provided for in the manufacturer's instructions 
for erection and installation.  Expansion joints for the standing seam roof 
system shall be installed at locations indicated on the contract drawings 
and other locations indicated on the manufacturer's drawings.

3.1.3   Concealed Anchor Clips

Concealed anchor clips shall be fastened directly to the structural framing 
members.  Attachment to the substrate (when provided) or to the metal deck 
is not permitted.  The maximum distance, parallel to the seams, between 
clips shall be 750 mm (30 inches) on center at the corner, edge, and ridge 
zones, and 1500 mm (5 feet) maximum on centers for the remainder of the 
roof.

3.2   CLEANING AND TOUCH-UP

Exposed SSSMR systems shall be cleaned at completion of installation.  
Debris that could cause discoloration and harm to the panels, flashings, 
closures and other accessories shall be removed.  Grease and oil films, 
excess sealants, and handling marks shall be removed and the work shall be 
scrubbed clean.  Exposed metal surfaces shall be free of dents, creases, 
waves, scratch marks, and solder or weld marks.  Immediately upon 
detection, abraded or corroded spots on shop-painted surfaces shall be wire 
brushed and touched up with the same material used for the shop coat.  
Factory color finished surfaces shall be touched up with the manufacturer's 
recommended touch up paint.
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CONTRACTOR'S FIVE (5) YEAR NO PENAL SUM WARRANTY
FOR

STRUCTURAL STANDING SEAM METAL ROOF (SSSMR) SYSTEM

FACILITY DESCRIPTION_________________________________________________

BUILDING NUMBER:_____________________________________________________

CORPS OF ENGINEERS CONTRACT NUMBER:__________________________________

CONTRACTOR

CONTRACTOR:__________________________________________________________

ADDRESS:_____________________________________________________________

POINT OF CONTACT:____________________________________________________

TELEPHONE NUMBER:____________________________________________________

OWNER

OWNER:_______________________________________________________________

ADDRESS:_____________________________________________________________

POINT OF CONTACT:____________________________________________________

TELEPHONE NUMBER:____________________________________________________

CONSTRUCTION AGENT

CONSTRUCTION AGENT:__________________________________________________

ADDRESS:_____________________________________________________________

POINT OF CONTACT:____________________________________________________

TELEPHONE NUMBER:____________________________________________________
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CONTRACTOR'S FIVE (5) YEAR NO PENAL SUM WARRANTY
FOR

STRUCTURAL STANDING SEAM METAL ROOF (SSSMR) SYSTEM
(continued)

THE SSSMR SYSTEM INSTALLED ON THE ABOVE NAMED BUILDING IS WARRANTED BY 
_____________________________ FOR A PERIOD OF FIVE (5) YEARS AGAINST 
WORKMANSHIP AND MATERIAL DEFICIENCES, WIND DAMAGE, STRUCTURAL FAILURE, AND 
LEAKAGE.  THE SSSMR SYSTEM COVERED UNDER THIS WARRANTY SHALL INCLUDE, BUT 
SHALL NOT BE LIMITED TO, THE FOLLOWING:  THE ENTIRE ROOFING SYSTEM, 
MANUFACTURER SUPPLIED FRAMING AND STRUCTURAL MEMBERS, METAL ROOF PANELS, 
FASTENERS, CONNECTORS, ROOF SECUREMENT COMPONENTS, AND ASSEMBLIES TESTED AND 
APPROVED IN ACCORDANCE WITH ASTM E 1592.  IN ADDITION, THE SYSTEM PANEL 
FINISHES, SLIP SHEET, INSULATION, VAPOR RETARDER, ALL ACCESSORIES, 
COMPONENTS, AND TRIM AND ALL CONNECTIONS ARE INCLUDED.  THIS INCLUDES ROOF 
PENETRATION ITEMS SUCH AS VENTS, CURBS, SKYLIGHTS; INTERIOR OR EXTERIOR 
GUTTERS AND DOWNSPOUTS; EAVES, RIDGE, HIP, VALLEY, RAKE, GABLE, WALL, OR 
OTHER ROOF SYSTEM FLASHINGS INSTALLED AND ANY OTHER COMPONENTS SPECIFIED 
WITHIN THIS CONTRACT TO PROVIDE A WEATHERTIGHT ROOF SYSTEM; AND ITEMS 
SPECIFIED IN OTHER SECTIONS OF THE SPECIFICATIONS THAT ARE PART OF THE SSSMR 
SYSTEM.

ALL MATERIAL DEFICIENCIES, WIND DAMAGE, STRUCTURAL FAILURE, AND LEAKAGE 
ASSOCIATED WITH THE SSSMR SYSTEM COVERED UNDER THIS WARRANTY SHALL BE 
REPAIRED AS APPROVED BY THE CONTRACTING OFFICER.  THIS WARRANTY SHALL COVER 
THE ENTIRE COST OF REPAIR OR REPLACEMENT, INCLUDING ALL MATERIAL, LABOR, AND 
RELATED MARKUPS.  THE ABOVE REFERENCED WARRANTY COMMENCED ON THE DATE OF 
FINAL ACCEPTANCE ON ____________________________ AND WILL REMAIN IN EFFECT 
FOR STATED DURATION FROM THIS DATE.

SIGNED, DATED, AND NOTARIZED (BY COMPANY PRESIDENT)

____________________________________________________________
       (Company President)                      (Date)
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CONTRACTOR'S FIVE (5) YEAR NO PENAL SUM WARRANTY
FOR

STRUCTURAL STANDING SEAM METAL ROOF (SSSMR) SYSTEM
(continued)

THE CONTRACTOR SHALL SUPPLEMENT THIS WARRANTY WITH WRITTEN WARRANTIES FROM 
THE MANUFACTURER AND/OR INSTALLER OF THE SSSMR SYSTEM, WHICH SHALL BE 
SUBMITTED ALONG WITH THE CONTRACTOR'S WARRANTY.  HOWEVER, THE CONTRACTOR WILL 
BE ULTIMATELY RESPONSIBLE FOR THIS WARRANTY AS OUTLINED IN THE SPECIFICATIONS 
AND AS INDICATED IN THIS WARRANTY EXAMPLE.

EXCLUSIONS FROM COVERAGE

1.  NATURAL DISASTERS, ACTS OF GOD (LIGHTNING, FIRE, EXPLOSIONS, SUSTAINED 
WIND FORCES IN EXCESS OF THE DESIGN CRITERIA, EARTHQUAKES, AND HAIL).

2.  ACTS OF NEGLIGENCE OR ABUSE OR MISUSE BY GOVERNMENT OR OTHER PERSONNEL, 
INCLUDING ACCIDENTS, VANDALISM, CIVIL DISOBEDIENCE, WAR, OR DAMAGE CAUSED BY 
FALLING OBJECTS.

3.  DAMAGE BY STRUCTURAL FAILURE, SETTLEMENT, MOVEMENT, DISTORTION, WARPAGE, 
OR DISPLACEMENT OF THE BUILDING STRUCTURE OR ALTERATIONS MADE TO THE BUILDING.

4.  CORROSION CAUSED BY EXPOSURE TO CORROSIVE CHEMICALS, ASH OR FUMES 
GENERATED OR RELEASED INSIDE OR OUTSIDE THE BUILDING FROM CHEMICAL PLANTS, 
FOUNDRIES, PLATING WORKS, KILNS, FERTILIZER FACTORIES, PAPER PLANTS, AND THE 
LIKE.

5.  FAILURE OF ANY PART OF THE SSSMR SYSTEM DUE TO ACTIONS BY THE OWNER TO 
INHIBIT FREE DRAINAGE OF WATER FROM THE ROOF AND GUTTERS AND DOWNSPOUTS OR 
ALLOW PONDING WATER TO COLLECT ON THE ROOF SURFACE.  CONTRACTOR'S DESIGN 
SHALL INSURE FREE DRAINAGE FROM THE ROOF AND NOT ALLOW PONDING WATER.

6.  THIS WARRANTY APPLIES TO THE SSSMR SYSTEM.  IT DOES NOT INCLUDE ANY 
CONSEQUENTIAL DAMAGE TO THE BUILDING INTERIOR OR CONTENTS WHICH IS COVERED BY 
THE WARRANTY OF CONSTRUCTION CLAUSE INCLUDED IN THIS CONTRACT.

7.  THIS WARRANTY CANNOT BE TRANSFERRED TO ANOTHER OWNER WITHOUT WRITTEN 
CONSENT OF THE CONTRACTOR; AND THIS WARRANTY AND THE CONTRACT PROVISIONS WILL 
TAKE PRECEDENCE OVER ANY CONFLICTS WITH STATE STATUTES.

**
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CONTRACTOR'S FIVE (5) YEAR NO PENAL SUM WARRANTY
FOR

STRUCTURAL STANDING SEAM METAL ROOF (SSSMR) SYSTEM
(continued)

**REPORTS OF LEAKS AND SSSMR SYSTEM DEFICIENCIES SHALL BE RESPONDED TO WITHIN 
48 HOURS OF RECEIPT OF NOTICE, BY TELEPHONE OR IN WRITING, FROM EITHER THE 
OWNER OR CONTRACTING OFFICER.  EMERGENCY REPAIRS TO PREVENT FURTHER ROOF 
LEAKS SHALL BE INITIATED IMMEDIATELY; A WRITTEN PLAN SHALL BE SUBMITTED FOR 
APPROVAL TO REPAIR OR REPLACE THIS SSSMR SYSTEM WITHIN SEVEN (7) CALENDAR 
DAYS.  ACTUAL WORK FOR PERMANENT REPAIRS OR REPLACEMENT SHALL BE STARTED 
WITHIN 30 DAYS AFTER RECEIPT OF NOTICE, AND COMPLETED WITHIN A REASONABLE 
TIME FRAME.  IF THE CONTRACTOR FAILS TO ADEQUATELY RESPOND TO THE WARRANTY 
PROVISIONS, AS STATED IN THE CONTRACT AND AS CONTAINED HEREIN, THE 
CONTRACTING OFFICER MAY HAVE THE SSSMR SYSTEM REPAIRED OR REPLACED BY OTHERS 
AND CHARGE THE COST TO THE CONTRACTOR.

IN THE EVENT THE CONTRACTOR DISPUTES THE EXISTENCE OF A WARRANTABLE DEFECT, 
THE CONTRACTOR MAY CHALLENGE THE OWNER'S DEMAND FOR REPAIRS AND/OR 
REPLACEMENT DIRECTED BY THE OWNER OR CONTRACTING OFFICER EITHER BY REQUESTING 
A CONTRACTING OFFICER'S DECISION UNDER THE CONTRACT DISPUTES ACT, OR BY 
REQUESTING THAT AN ARBITRATOR RESOLVE THE ISSUE.  THE REQUEST FOR AN 
ARBITRATOR MUST BE MADE WITHIN 48 HOURS OF BEING NOTIFIED OF THE DISPUTED 
DEFECTS.  UPON BEING INVOKED, THE PARTIES SHALL, WITHIN TEN (10) DAYS, 
JOINTLY REQUEST A LIST OF FIVE (5) ARBITRATORS FROM THE FEDERAL MEDIATION AND 
CONCILIATION SERVICE.  THE PARTIES SHALL CONFER WITHIN TEN (10) DAYS AFTER 
RECEIPT OF THE LIST TO SEEK AGREEMENT ON AN ARBITRATOR.  IF THE PARTIES 
CANNOT AGREE ON AN ARBITRATOR, THE CONTRACTING OFFICER AND THE PRESIDENT OF 
THE CONTRACTOR'S COMPANY WILL STRIKE ONE (1) NAME FROM THE LIST ALTERNATIVELY 
UNTIL ONE (1) NAME REMAINS.  THE REMAINING PERSON SHALL BE THE DULY SELECTED 
ARBITRATOR.  THE COSTS OF THE ARBITRATION, INCLUDING THE ARBITRATOR'S FEE AND 
EXPENSES, COURT REPORTER, COURTROOM OR SITE SELECTED, ETC., SHALL BE BORNE 
EQUALLY BETWEEN THE PARTIES.  EITHER PARTY DESIRING A COPY OF THE TRANSCRIPT 
SHALL PAY FOR THE TRANSCRIPT.  A HEARING WILL BE HELD AS SOON AS THE PARTIES 
CAN MUTUALLY AGREE.  A WRITTEN ARBITRATOR'S DECISION WILL BE REQUESTED NOT 
LATER THAN 30 DAYS FOLLOWING THE HEARING.  THE DECISION OF THE ARBITRATOR 
WILL NOT BE BINDING; HOWEVER, IT WILL BE ADMISSIBLE IN ANY SUBSEQUENT APPEAL 
UNDER THE CONTRACT DISPUTES ACT.

A FRAMED COPY OF THIS WARRANTY SHALL BE POSTED IN THE MECHANICAL ROOM OR 
OTHER APPROVED LOCATION DURING THE ENTIRE WARRANTY PERIOD.

    -- End of Section --
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SECTION 07600A

SHEET METALWORK, GENERAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 653/A 653M (1999a) Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process

ASTM B 32 (1996) Solder Metal

ASTM D 1785 (1999) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe, Schedule 40, 80, and 120

ASTM D 2466 (1999) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 40

ASTM D 2855 (1993) Making Solvent Cemented Joints for 
Poly(Vinyl Chloride) (PVC) Pipe and 
Fittings

SHEET METAL & AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA Arch. Manual (1993; Errata; Addenda Oct 1997) 
Architectural Sheet Metal Manual

1.2   GENERAL REQUIREMENTS

Sheet metalwork shall be accomplished to form weathertight construction 
without waves, warps, buckles, fastening stresses or distortion, and shall 
allow for expansion and contraction.  Cutting, fitting, drilling, and other 
operations in connection with sheet metal required to accommodate the work 
of other trades shall be performed by sheet metal mechanics.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
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Gutters and Downspouts

Drawings of sheet metal items showing weights, gauges or 
thicknesses; types of materials; fabrication details; and 
installation procedures.

1.4   DELIVERY, STORAGE, AND HANDLING

Materials shall be adequately packaged and protected during shipment and 
shall be inspected for damage, dampness, and wet-storage stains upon 
delivery to the jobsite.  Materials shall be clearly labeled as to type and 
manufacturer.  Sheet metal items shall be carefully handled to avoid 
damage.  Materials shall be stored in dry, ventilated areas until 
immediately before installation.

PART 2   PRODUCTS

2.1   MATERIALS

Materials shall conform to the requirements specified below and to the 
thicknesses and configurations established in SMACNA Arch. Manual.

2.1.1   Accessories

Accessories and other items essential to complete the sheet metal 
installation, though not specifically indicated or specified, shall be 
provided.

2.1.2   Steel Sheet, Zinc Coated (Galvanized)

ASTM A 653/A 653M, G90, 0.84 mm (0.023 inch) thick.  Exposed steel sheet 
surfaces shall have a baked-on, factory-applied color coating of 
polyvinylidene fluoride finish after metal substrates have been properly 
cleaned and pretreated.  The exterior total system dry film thickness shall 
be a nominal 0.043 mm (1.7 mils) consisting of a topcoat of not less than 
0.018 mm (0.7 mil) dry film thickness and the paint manufacturer's 
recommended primer of not less than 0.025 mm (1.0 mil) thickness.  Color 
shall match roofing panels.

2.1.3   Fasteners

Fasteners shall be Type 316 stainless steel, color coated to match adjacent 
surfaces, and shall be the type best suited for the application.

2.1.4   Solder

ASTM B 32, 95-5 tin-antimony.

2.1.5   PVC Cleanout, Fitting and Pipe

PVC pipe shall conform to ASTM D 1785, Schedule 40.  PVC cleanout and 
fitting  shall conform to ASTM D 2466, Schedule 40.  Solvent-cemented 
joints shall conform to ASTM D 2855.

PART 3   EXECUTION

3.1   GENERAL REQUIREMENTS

Gutters and downspouts shall be designed and fabricated in conformance with 
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SMACNA Arch. Manual; and as indicated.  Unless otherwise specified or 
indicated, exposed edges shall be folded back to form a 13 mm (1/2 inch)  
hem on the concealed side, and bottom edges of exposed vertical surfaces 
shall be angled to form drips.  

3.2   CONNECTIONS AND JOINTING

3.2.1   Soldering

Soldering shall apply to steel items.  Edges of sheet metal shall be 
pretinned before soldering is begun.  Soldering shall be done slowly with 
well heated soldering irons so as to thoroughly heat the seams and 
completely sweat the solder through the full width of the seam.  Edges of 
steel to be pretinned shall be treated with soldering acid flux.  Soldering 
shall follow immediately after application of the flux.  Upon completion of 
soldering, the flux residue shall be thoroughly cleaned from the sheet 
metal with a water solution of washing soda and rinsed with clean water.

3.2.2   Seaming

Flat-lock and soldered-lap seams shall finish not less than 25 mm (1 inch)  
wide.  Unsoldered plain-lap seams shall lap not less than 75 mm (3 inches) 
unless otherwise specified.  Flat seams shall be made in the direction of 
the flow.

3.3   CLEATS

A continuous cleat shall be provided where indicated or specified to secure 
loose edges of the sheet metalwork.  Butt joints of cleats shall be spaced 
approximately 3 mm (1/8 inch) apart.  The cleat shall be fastened to 
supporting wood construction with nails evenly spaced not over 300 mm (12 
inches) on centers.

3.4   GUTTERS AND DOWNSPOUTS

Install gutters and downspouts as indicated.  Provided stainless steel wire 
ball strainers at gutter outlets, fitted tightly into outlets.  Rigidly 
attach downspouts to the building and connected to PVC cleanout and drain 
pipe as indicated.  Downspouts shall be kept not less than 25 mm (one inch) 
away from walls and shall be fastened to the walls at top, bottom, and at 
not to exceed 1500 mm (5 foot) centers intermediately between.

3.5   METAL DRIP EDGE

Provide a metal drip, designed to allow water run-off to drip free of 
underlying construction, at eaves prior to the application of sheet metal 
roofing.  Apply directly on the wood deck at the eaves, extend back from 
the edge of the deck not more than 75 mm (3 inches), bent outward at an 
angle not more than 45 degrees to form a drip, and secure with stainless 
steel nails spaced not more than 250 mm (10 inches) on centers along upper 
edge.

3.6   PVC CLEANOUT, FITTING AND PIPE

Connect joints for PVC cleanout and fitting in accordance with ASTM D 2855.

3.7   CONTRACTOR QUALITY CONTROL

The Contractor shall establish and maintain a quality control procedure for 

SECTION 07600  Page 4



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

sheet metal used in conjunction with roofing to assure compliance of the 
installed sheet metalwork with the contract requirements.  Any work found 
not to be in compliance with the contract shall be promptly removed and 
replaced or corrected in an approved manner.  Quality control shall 
include, but not be limited to, the following:

a.  Observation of environmental conditions; number and skill level of 
sheet metal workers; condition of substrate.

b.  Verification of compliance of materials before, during, and after 
installation.

c.  Inspection of sheet metalwork for proper size and thickness, 
fastening and joining, and proper installation.

The actual quality control observations and inspections shall be documented 
and a copy of the documentation furnished to the Contracting Officer at the 
end of each day.

        -- End of Section --
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SECTION 07900

JOINT SEALING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 920 (1998) Elastomeric Joint Sealants

ASTM D 1056 (1998) Flexible Cellular Materials - 
Sponge or Expanded Rubber 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Backing.

Bond-Breaker.

Sealant.

  Manufacturer's descriptive data including storage requirements, 
shelf life, curing time, instructions for mixing and application, 
and primer data (if required).  A copy of the Material Safety Data 
Sheet shall be provided for each solvent, primer or sealant 
material.

SD-07 Certificates

Sealant.

  Certificates of compliance stating that the materials conform to 
the specified requirements.

1.3   DELIVERY AND STORAGE

Materials shall be delivered to the job in the manufacturer's original 
unopened containers.  The container label or accompanying data sheet shall 
include the following information as applicable:  manufacturer, name of 
material, formula or specification number, lot number, color, date of 
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manufacture, mixing instructions, shelf life, and curing time at the 
standard conditions for laboratory tests.  Materials shall be handled and 
stored to prevent inclusion of foreign materials.  

PART 2   PRODUCTS

2.1   BACKING

Backing shall be 25 to 33 percent oversize for closed cell and 40 to 50 
percent oversize for open cell material, unless otherwise indicated.

2.1.1   Neoprene

Neoprene backing shall be ASTM D 1056, closed cell expanded neoprene cord 
Type 2, Class C, Grade 2C2 open cell neoprene sponge Type 1, Class C, Grade 
1C3.

2.2   BOND-BREAKER

Bond-breaker shall be as recommended by the sealant manufacturer to prevent 
adhesion of the sealant to backing or to bottom of the joint.

2.3   PRIMER

Primer shall be non-staining type as recommended by sealant manufacturer 
for the application.

2.4   SEALANT

2.4.1   ELASTOMERIC

Elastomeric sealants shall conform to ASTM C 920 and the following:

a.  Polyurethane sealant:  Grade NS, Class 25, Use NT.

b.  Silicone sealant:  Type S, Grade NS, Class 25, Use NT.

2.5   SOLVENTS AND CLEANING AGENTS

Solvents, cleaning agents, and accessory materials shall be provided as 
recommended by the manufacturer.

PART 3   EXECUTION

3.1   GENERAL

3.1.1   Surface Preparation

The surfaces of joints to receive sealant or caulk shall be free of all 
frost, condensation and moisture.  Oil, grease, dirt, chalk, particles of 
mortar, dust, loose rust, loose mill scale, and other foreign substances 
shall be removed from surfaces of joints to be in contact with the sealant. 
 Oil and grease shall be removed with solvent and surfaces shall be wiped 
dry with clean cloths.  For surface types not listed below, the sealant 
manufacturer shall be contacted for specific recommendations.

3.2   APPLICATION

3.2.1   Masking Tape
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Masking tape shall be placed on the finish surface on one or both sides of 
a joint cavity to protect adjacent finish surfaces from primer or sealant 
smears.  Masking tape shall be removed within 10 minutes after joint has 
been filled and tooled.

3.2.2   Backing

Backing shall be installed to provide the indicated sealant depth.  The 
installation tool shall be shaped to avoid puncturing the backing.

3.2.3   Bond-Breaker

Bond-breaker shall be applied to fully cover the bottom of the joint 
without contaminating the sides where sealant adhesion is required.

3.2.4   Primer

Primer shall be used on concrete masonry units, wood, or other porous 
surfaces in accordance with instructions furnished with the sealant.  
Primer shall be applied to the joint surfaces to be sealed.  Surfaces 
adjacent to joints shall not be primed.

3.2.5   Sealant

Sealant shall be used before expiration of shelf life.  Multi-component 
sealants shall be mixed according to manufacturer's printed instructions.  
Sealant in guns shall be applied with a nozzle of proper size to fit the 
width of joint.  Joints shall be sealed as detailed in the drawings.  
Sealant shall be forced into joints with sufficient pressure to expel air 
and fill the groove solidly.  Sealant shall be installed to the indicated 
depth without displacing the backing.  Unless otherwise indicated, 
specified, or recommended by the manufacturer, the installed sealant shall 
be dry tooled to produce a uniformly smooth surface free of wrinkles and to 
ensure full adhesion to the sides of the joint; the use of solvents, soapy 
water, etc., will not be allowed.  Sealants shall be installed free of air 
pockets, foreign embedded matter, ridges and sags.  Sealer shall be applied 
over the sealant when and as specified by the sealant manufacturer.

3.3   CLEANING

The surfaces adjoining the sealed joints shall be cleaned of smears and 
other soiling resulting from the sealant application as work progresses.

        -- End of Section --
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SECTION 08110

STEEL DOORS AND FRAMES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A250.6 (1997) Hardware on Steel Doors 
(Reinforcement - Application)

ANSI A 250.10 (1998) Test Procedure and Acceptance 
Criteria for Prime Painted Steel Surfaces 
for Steel Doors

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 476 (1998) Grout for Masonry

ASTM C 591 (1994) Unfaced Preformed Rigid Cellular 
Polyurethane Thermal Insulation

ASTM D 1187      (1995) Asphalt-Base Emulsions for Use as 
Protective Coating For Metals

ASTM D 2863 (1997) Measuring the Minimum Oxygen 
Concentration to Support Candle-Like 
Combustion of Plastics (Oxygen Index)

DOOR AND HARDWARE INSTITUTE (DHI)

DHI A115.1G (1994) Installation Guide for Doors and 
Hardware

NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS (NAAMM)

NAAMM HMMA 862 (1987) Hollow Metal Manual; Section: Guide 
Specifications for Commercial Security 
Hollow Metal Doors and Frames

STEEL DOOR INSTITUTE (SDOI)

SDOI SDI-100 (1991) Standard Steel Doors and Frames

SDOI SDI-106 (1999) Standard Door Type Nomenclature

UNDERWRITERS LABORATORIES (UL)
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UL 752 (1982) Bullet-resisting Equipment 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Bullet Resisting Doors and Frames

  Drawings using standard door type nomenclature in accordance 
with SDOI SDI-106 indicating the location of each door and frame, 
elevation of each model of door and frame, details of 
construction, method of assembling sections, location and extent 
of hardware reinforcement, hardware locations, type and location 
of anchors for frames, and thicknesses of metal.  Drawings shall 
include catalog cuts or descriptive data for the doors, frames, 
and weatherstripping including air infiltration data and 
manufacturers printed instructions.

SD-03 Product Data

Bullet Resisting Doors

  A letter by a nationally recognized testing laboratory which 
identifies the product manufacturer, type, and model; certifying 
that the laboratory has tested a sample assembly in accordance 
with UL 752 and issued a current listing for same.

SD-04 Samples

Doors and Frames

  Manufacturer's standard color samples of factory applied 
finishes with third party certification of compliance to ANSI A 
250.10.

SD-07 Certificates

Bullet Resisting Doors

  a.  Certification of Bullet Resisting Doors:  Certification or 
test report for bullet resisting doors shall show compliance with 
the specified requirements.

1.3   DELIVERY AND STORAGE

During shipment, welded unit type frames shall be strapped together in 
pairs with heads at opposite ends or shall be provided with temporary steel 
spreaders at the bottom of each frame; and knockdown type frames shall be 
securely strapped in bundles.  Materials shall be delivered to the site in 
undamaged condition, and stored out of contact with the ground and under a 
weathertight covering permitting air circulation.  Doors and assembled 
frames shall be stored in an upright position in accordance with DHI A115.1G. 
Abraded, scarred, or rusty areas shall be cleaned and touched up with 
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matching finishes.

1.4   WARRANTY

Manufacturer's standard performance guarantees or warranties that extend 
beyond a 1 year period shall be provided.

PART 2   PRODUCTS

2.1   BULLET RESISTING DOORS

Bullet resisting doors shall be factory fabricated in accordance with NAAMM 
HMMA 862 with bullet resisting core and the additional requirements 
specified herein.  Doors shall be galvannealed 2.3 mm (12 gauge)  
construction.  Doors shall have 2.3 mm (12 gauge)  steel plate on both 
sides, and be internally reinforced vertically with continuous 1.0 mm (20 
gauge)  steel stiffeners spaced 150 mm (6 inches) on center maximum.  Doors 
shall be fully welded seamless construction with no visible seams or joints 
on their faces or vertical edges.  Door thickness shall be 44.5 mm (1-3/4 
inches). 

2.1.1   Bullet-Resisting Fiberglass Composite Core

Door cores shall be of bullet-resisting fiberglass composite panels and 
rigid polyurethane foam.  Rigid polyurethane foam shall conform to ASTM C 
591, Type 1 or 2, foamed-in-place or in board form, with an oxygen index of 
not less than 22 percent when tested in accordance with ASTM D 2863.  
Bullet-resisting fiberglass composite panels shall be of multiple layers of 
woven roving ballastic grade fiberglass cloth impreganated with thermoset 
resin and compressed into rigid flat sheets.  The production technique and 
materials used shall provide the controlled internal delamination to permit 
the encapture of a penetrating projectile as listed by UL 752 as bullet 
resisting shown in the chart below:

   Thickness       Weapon         Ammunition         Velocity
   (9/16") 14 mm   0.30 Caliber   110 grain JSP   (1,500 fpm) 456 mpm
                   Carbine 12 ga

2.1.2   Door Light Openings

Provide door light openings for bullet resisting plastic panels as 
indicated.  Bullet resisting plastic panels shall be as specified in 
Section 08810 GLASS AND GLAZING.

2.2   STEEL FRAMES

SDOI SDI-100, galvannealed 2.3 mm (12 gauge), except as otherwise 
specified.  Provide steel frames for doors and bullet resisting fixed 
glazed panels.

2.2.1   Welded Frames

Form frames to sizes and shapes indicated.  Frame corners shall be machine 
mitered, full (continuously) welded.  All exposed welds shall be ground and 
finished smooth.  Mechanically interlock or continuously weld stops and 
rabbets.

2.2.2   Grouted Frames
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Fill exterior door frames with grout conforming to ASTM C 476, 13 MPa 
(2,000 psi), minimum.  Interior of frames shall be coated with bituminous 
paint conforming to ASTM D 1187.  Fill the stops with strips of rigid 
insulation to keep the grout out of the stops and to facilitate 
installation of stop-applied head and jamb seals.  

2.3   FACTORY FINISH

Doors and frames shall be phosphatized and primed with standard factory 
primer system.

PART 3   EXECUTION

3.1   GENERAL REQUIREMENTS

Contractor shall coordinate the work with that of other trades and shall 
verify opening dimensions with contract and shop drawings.  Each frame 
shall be installed plumb and square using door as template; the frame shall 
be secured to the wall in accordance with the manufacturer's instructions.  
All damaged or defective frames shall be repaired/replaced prior to final 
inspection.

3.2   INSTALLATION

Installation shall be in accordance with DHI A115.1G.  Preparation for 
surface applied hardware shall be in accordance with ANSI A250.6.  Rubber 
silencers shall be installed in door frames after finish painting has been 
completed; adhesively applied silencers are not acceptable.  
Weatherstripping shall be installed at exterior door openings to provide a 
weathertight installation.  Door frames shall be solid grouted.

3.2.1   Grouted Frames

Backfill frames with mortar for all exterior metal door frames.  Coat 
inside of frames with bituminous paint, not less than 0.2 mm (8 mils) dry 
film thickness.  For frames in exterior walls, assure that stops are filled 
with rigid insulation before grout is placed.

3.3   FIELD PAINTED FINISH

Steel doors and frames shall be field painted in accordance with Section 
09900 PAINTING, GENERAL.  Weatherstrips shall be protected from paint.  
Finish shall be free of scratches or other blemishes. 

    -- End of Section --
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SECTION 08210

WOOD DOORS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ARCHITECTURAL WOODWORK INSTITUTE (AWI)

AWI-02 (1994) Architectural Woodwork Quality 
Standards, Guide Specifications and 
Quality Certification Program

NATIONAL WOOD WINDOW & DOOR ASSOCIATION (NWWDA)

NWWDA I.S. 1-A (1993) Architectural Wood Flush Doors

NWWDA I.S. 4 (1994) Water-Repellent Preservative 
Non-Pressure Treatment for Millwork 

1.2   GENERAL REQUIREMENTS

1.2.1   Standard Products

Doors shall be of the type, size, and design indicated on the drawings, and 
shall be the standard products of manufacturers regularly engaged in the 
manufacture of wood doors.

1.2.2   Marking

Each door shall bear a stamp, brand, or other identifying mark indicating 
quality and construction of the door.  The identifying mark or a separate 
certification shall include identification of the standard on which 
construction of the door is based, identity of the manufacturing plant, 
identification of the standard under which preservative treatment, if used, 
was made, and identification of the doors having a Type I glue bond.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Wood Doors and Frames.
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1.3.1   Wood Doors and Frames

Drawings indicating the location of each door, elevation of each type of 
door, details of construction, marks to be used to identify the doors, and 
location and extent of hardware blocking.  Drawings shall include catalog 
cuts or descriptive data for doors.

1.4   STORAGE

Doors shall be stored in fully covered areas and protected from damage and 
from extremes in temperature and humidity.  Doors shall be stored on 
supports to prevent warping or twisting, and to provide ventilation. 
Factory cartons or wrappers shall be kept intact until installation.

1.5   HARDWARE

Hardware is specified in Section 08700 BUILDERS' HARDWARE.

1.6   WARRANTY

Manufacturer's standard performance guarantees or warranties that extend 
beyond a 1 year period shall be provided.

PART 2   PRODUCTS

2.1   GENERAL FABRICATION REQUIREMENTS

2.1.1   Edge Sealing

Wood end-grain exposed at edges of doors shall be sealed prior to shipment.

2.1.2   Preservative Treatment

Exterior softwood doors shall be water-repellent preservative treated in 
accordance with NWWDA I.S. 4.

2.1.3   Adhesives

Adhesives shall be in accordance with NWWDA I.S. 1-A, requirements for Type 
I Bond Doors (waterproof).  Adhesive shall contain no formaldehydes.  

2.2   FLUSH DOORS

Flush doors shall be solid core and shall conform to NWWDA I.S. 1-A, except 
for the one year acclimatization requirement in paragraph T-2, which shall 
not apply.  Wood doors shall be 5-ply or 7-ply construction with faces, 
stiles, and rails bonded to the cores.

2.2.1   Core Construction

2.2.1.1   Solid Cores

Door construction shall be glued wood block core with vertical and 
horizontal edges bonded to the core. 

2.2.2   Face Panels

2.2.2.1   Painted Wood Veneer Doors
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Veneer doors to receive paint finish shall be Economy Grade in accordance 
with NWWDA I.S. 1-A. 

2.2.3   Painted Doors

Doors to receive paint finish shall be Custom Grade in accordance with 
AWI-02.  Finish shall be in accordance with paragraph FIELD FINISHING.

2.3   INSERT LOUVER

Fabricate from aluminum, 6063-T52 alloy, size indicated.  All blades, 
frames, and trim members shall be minimum 1.5 mm (16 gage).  Fasteners 
shall be stainless steel.  A separate adjustable trim member shall be 
supplied to securely and neatly clamp louver in opening.  Frame and trim 
members shall be mitered at corners and rigidly secured by corner brackets. 
 Finish shall be anodized clear finish.  Louver shall be inverted "V" blade 
type and shall transmit a minimum of 35 percent free air.

2.4   STEEL FRAMES

Steel frames shall be as specified in Section 08110 STEEL DOORS AND FRAMES.

PART 3   EXECUTION

3.1   INSTALLATION OF DOORS

3.1.1   General Use Doors

Doors shall be fit, hung, and trimmed as required.  Door shall have a 
clearance of 3 mm (1/8 inch) at the sides and top and shall have a bottom 
clearance of 13 mm (1/2 inch).  The lock edge or both edges of doors shall 
be beveled at the rate of 3 mm (1/8 inch) in 50 mm   Cuts made on the job 
shall be sealed immediately after cutting, using a clear varnish or sealer. 
 Vertical edges of doors which have not been rounded or beveled at the 
factory shall be eased when the doors are installed.

3.2   FIELD FINISHING

Doors to receive field finishing shall be factory primed or sealed, as 
required, and then shall be finished in accordance with Section 09900 
PAINTING, GENERAL.

        -- End of Section --
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SECTION 08700

BUILDERS' HARDWARE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA)

BHMA L & R Directory (Effective thru Jun 1999) Directory of 
Certified Locks & Latches

BHMA Closer Directory (Effective thru Jul (1999) Directory of 
Certified Door Closers

BHMA A156.1 (1997) Butts and Hinges

BHMA A156.2 (1996) Bored and Preassembled Locks and 
Latches

BHMA A156.4 (1992) Door Controls - Closers

BHMA A156.5 (1992) Auxiliary Locks & Associated 
Products

BHMA A156.6 (1994) Architectural Door Trim

BHMA A156.7 (1997) Template Hinge Dimensions

BHMA A156.13 (1994) Mortise Locks & Latches

BHMA A156.16 (1989) Auxiliary Hardware

BHMA A156.18 (1993) Materials and Finishes

DOOR AND HARDWARE INSTITUTE (DHI)

DHI Keying Systems (1989) Keying Systems and Nomenclature

DHI Locations for CSD (1997) Recommended Locations for Builders' 
Hardware for Custom Steel Doors and Frames

DHI Locations for SSD (1990) Recommended Locations for 
Architectural Hardware for Standard Steel 
Doors and Frames

DHI ANSI/DHI A115.1G (1994) Installation Guide for Doors and 
Hardware
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DHI ANSI/DHI A115-W (Varies) Wood Door Hardware Standards 
(Incl All5-W1 thru A115-W9) 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Hardware Schedule

  Hardware schedule listing all items to be furnished.  The 
schedule shall include for each item:  the quantities; 
manufacturer's name and catalog numbers; the ANSI number 
specified, sizes; detail information or catalog cuts; finishes; 
door and frame size and materials; location and hardware set 
identification cross-references to drawings; corresponding 
reference standard type number or function number from 
manufacturer's catalog if not covered by ANSI or BHMA; and list of 
abbreviations and template numbers.

Keying

  Keying schedule developed in accordance with DHI Keying Systems, 
after the keying meeting with the user.

SD-07 Certificates

Hardware and Accessories

1.2.1   Hardware and Accessories

The hardware manufacturer's certificates of compliance stating that the 
supplied material or hardware item meets specified requirements.  Each 
certificate shall be signed by an official authorized to certify in behalf 
of the product manufacturer and shall identify quantity and date or dates 
of shipment or delivery to which the certificates apply.  A statement that 
the proposed hardware items appear in BHMA L & R Directory, BHMA Closer 
Directory of certified products may be submitted in lieu of certificates.

1.3   PREDELIVERY CONFERENCE

Upon approval of the Hardware Schedule, the construction Contractor shall 
arrange a conference with the hardware supplier, Contracting Officer and 
the using agency to determine keying system requirements.  Location of the 
key control storage system, set-up and key identification labeling will 
also be determined.

1.4   DELIVERY, STORAGE, AND HANDLING

Hardware shall be delivered to the project site in the manufacturer's 
original packages.  Each article of hardware shall be individually packaged 
in the manufacturer's standard commercial carton or container, and shall be 
properly marked or labeled to be readily identifiable with the approved 
hardware schedule.  Each change key shall be tagged or otherwise identified 
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with the door for which its cylinder is intended.  Where double cylinder 
functions are used or where it is not obvious which is the key side of a 
door, appropriate instructions shall be included with the lock and on the 
hardware schedule.  Manufacturer's printed installation instructions, 
fasteners, and special tools shall be included in each package.

1.5   SPECIAL TOOLS

Special tools, such as those supplied by the manufacturer, unique wrenches, 
and dogging keys, shall be provided as required to adjust hardware items.

1.6   WARRANTY

Manufacturer's standard performance guarantees or warranties that extend 
beyond a one year period shall be provided.

PART 2   PRODUCTS

2.1   GENERAL HARDWARE REQUIREMENTS

Hardware shall conform to the requirements specified herein and the 
HARDWARE SETS listing at the end of this section.  Hardware set numbers 
correspond to the set numbers shown on the drawings.

2.2   TEMPLATES

Requirements for hardware to be mounted on metal doors or metal frames 
shall be coordinated between hardware manufacturer and door or frame 
manufacturer by use of templates and other information to establish 
location, reinforcement required, size of holes, and similar details. 
Templates of hinges shall conform to BHMA A156.7.

2.3   HINGES

Hinges shall conform to BHMA A156.1.  Hinges used on metal doors and frames 
shall also conform to BHMA A156.7.  Except as otherwise specified, hinge 
sizes shall conform to the hinge manufacturer's printed recommendations.

2.3.1   Hinges for Reverse Bevel Doors with Locks

Hinges for reverse bevel doors with locks shall have pins that are made 
nonremovable by means such as a set screw in the barrel, or safety stud, 
when the door is in the closed position.

2.4   LOCKS

To the maximum extent possible, locksets and all components thereof, shall 
be the products of a single manufacturer. 

2.4.1   Mortise Locks

Mortise locks and strikes shall be series 1000 and shall conform to BHMA 
A156.13, operational Grade 1.  Mortise type locks and latches for doors 44 
mm (1-3/4 inches) thick and over shall have adjustable bevel fronts or 
otherwise conform to the shape of the door.  Mortise locks shall have 
armored fronts.

2.4.2   Bored Locks
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Bored locks and strikes shall be series 4000 and shall conform to BHMA 
A156.2, Grade 1.  Bored type locks and latches for doors 35 mm (1.4") thick 
and over shall have adjustible bevel fronts or otherwise conform to the 
shape of the door.

2.4.3   Lock Cylinders (Mortise and Bored)

Lock cylinders shall comply with BHMA A156.5.  Lock cylinder shall have not 
less than six pins.  

2.4.4   Lock Trim

Lock trim shall be cast, forged, or heavy wrought construction of 
commercial plain design.  In addition to meeting the test requirement of 
BHMA A156.13, lever handles, roses, and escutcheons shall be 1.27 mm (0.050 
inch) thick, if unreinforced.  If reinforced, the outer shell shall be 0.89 
mm (0.035 inch) thick and the combined thickness shall be 1.78 mm (0.070 
inch) except that knob shanks shall be 1.52 mm (0.060 inch) thick.  Lever 
handles shall be of plain design with ends returned to no more than 10 mm 
(1/2 inch) from the door face.

2.5   KEYING

Change keys for locks shall be stamped with change number and the 
inscription "U.S. Property - Do Not Duplicate."  Keys shall be supplied as 
follows:

Locks:                     3 change keys each lock.

The keys shall be furnished to the Contracting Officer.

2.6   DOOR CLOSING DEVICES

Door closing devices shall conform to BHMA A156.4, Grade 1.  Closing 
devices shall be products of one manufacturer for each type specified.  The 
opening resistance of closing devices shall not exceed 67 N (15 1bf) 
applied at the latch stile or exceed 22 N (5 1bf) where low opening 
resistance is scheduled.

2.6.1   Surface Type Closers

Surface type closers shall be Grade 1, Series C02000 Full Cover with 
options PT-4H, Size 1 or 2 through Size 6, and PT-4D with back check 
position valve.  Except as otherwise specified, sizes shall conform to the 
manufacturer's published recommendations.

2.7   ARCHITECTURAL DOOR TRIM

Architectural door trim shall conform to BHMA A156.6.

2.7.1   Door Protection Plates

2.7.1.1   Kick Plates

Kick plates shall be Type J102 stainless steel.  Width of plates shall be 
50 mm (2 inches) less than door width for single doors.  Height shall be 
300 mm .  Edges of metal plates shall be beveled.

2.8   AUXILIARY HARDWARE
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Auxiliary hardware, consisting of door holders, and door stops, shall 
conform to BHMA A156.16.  

2.8.1   Door Shoe

Door shoes as manufactured by Pemko 216AV, Reese DB592A, National Guard 
Products 36EDB, conforms to project requirements.  Product names and model 
numbers are included for reference only.  Products of other manufacturers 
are acceptable if the product conforms to specified requirements.

2.9   FASTENINGS

Fastenings of proper type, size, quantity, and finish shall be supplied 
with each article of hardware.  Machine screws and expansion shields shall 
be used for attaching hardware to concrete or masonry.  Fastenings exposed 
to the weather in the finished work shall be of stainless steel.

2.10   FINISHES

Unless otherwise specified, finishes shall conform to those identified in 
BHMA A156.18.  Where painting of primed surfaces is required, painting is 
specified in Section 09900 PAINTING, GENERAL.

PART 3   EXECUTION

3.1   APPLICATION

Hardware shall be located in accordance with DHI Locations for CSD and DHI 
Locations for SSD, shall be mounted 1220 mm (48 inches) above finish floor. 
 When approved, slight variations in locations or dimensions will be 
permitted.  Application shall be in accordance with DHI ANSI/DHI A115.1G or 
DHI ANSI/DHI A115-W.  Door control devices for exterior doors such as 
closers and holders, shall be attached to doors with thru bolts and nuts or 
sex bolts.  Alternate fastening methods may be approved by the Contracting 
Officer when manufacturers' documentation is submitted to verify that the 
fastening devices and door reinforcements are adequate to resist wind 
induced stresses.  Electric hardware items and access control devices shall 
be installed in accordance with manufacturer's printed installation 
procedures.

3.1.1   Door-Closing Devices

Door-closing devices shall be installed and adjusted in accordance with the 
templates and printed instructions supplied by the manufacturer of the 
devices.  Insofar as practicable, doors opening to or from halls and 
corridors shall have the closer mounted on the room side of the door.

3.1.2   Kick Plates

Kick plates shall be installed on the push side of single-acting doors.

3.2   FIELD QUALITY CONTROL

Supplier shall inspect the completed installation and certify that the 
hardware has been furnished and installed in accordance with the 
manufacturers' instructions and as specified.  The inspection report shall 
identify any malfunctioning items and recommend adjustment or replacement 
as appropriate.
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3.3   HARDWARE SETS

Set 1 (Doors D-1 & D-2, each exterior door)

1 1/2 pair butt hinges, A5111, (4 1/2" x 4 1/2") 112 mm x 112 mm,
      BHMA 630
1 lockset, Series 1000, Grade 1, F13, BHMA 630, lever handle
1 door closer, C02011
1 floor door holder/bumper, L01371
1 door shoe as specified

Set 2 (Door D-3, toilet door)

1 1/2 pair butt hinges, A5112, (4 1/2" x 4 1/2") 112 mm x 112 mm,
      BHMA 630
1 lockset, Series 4000, Grade 1, F76, BHMA 626, lever handle
1 door closer, C02051, positive arm stop
1 kick plate, J102, BHMA 630

Set 3 (Door D-4, storage door)

1 1/2 pair butt hinges, A5112, (4 1/2" x 4 1/2") 112 mm x 112 mm,
      BHMA 630
1 lockset, Series 4000, Grade 1, F86, BHMA 626, lever handle

    -- End of Section --
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SECTION 08810

GLASS AND GLAZING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Z97.1 (1984; Rev 1994) Safety Performance 
Specifications and Methods of Test for 
Safety Glazing Materials Used in Buildings 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 920 (1998) Elastomeric Joint Sealants

ASTM E 1300 (1998) Determining the Minimum Thickness 
and Type of Glass Required to Resist a 
Specified Load 

GLASS ASSOCIATION OF NORTH AMERICA (GANA)

GANA Glazing Manual (1997) Glazing Manual

UNDERWRITERS LABORATORIES (UL)

UL 752 (1982) Bullet-resisting Equipment 
1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Installation

  Drawings showing complete details of the proposed setting 
methods, edge blocking, size of openings, frame details, 
materials, and types and thickness of glass.

SD-03 Product Data

Bullet-Resisting Plastic Sheets
Glazing Accessories
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  Manufacturer's descriptive product data, handling and storage 
recommendations, installation instructions, and cleaning 
instructions.

SD-04 Samples

Bullet-Resisting Plastic Sheets

Two 203 x 254 mm (8 x 10 inch) samples of bullet resisting plastic 
sheet.

SD-07 Certificates

Bullet-Resisting Plastic Sheets

  Certificates stating that the bullet resisting plastic sheet 
meets the specified requirements.  Labels or manufacturers marking 
affixed to the glass will be accepted in lieu of certificates.

1.3   SYSTEM DESCRIPTION

Glazing systems shall be fabricated and installed watertight and airtight 
to withstand thermal movement and wind loading without glass breakage, 
gasket failure, deterioration of glazing accessories, and defects in the 
work.  Glazed panels shall comply with the safety standards, as indicated 
in accordance with ANSI Z97.1.  Glazed panels shall comply with indicated 
wind/snow loading in accordance with ASTM E 1300. 

1.4   DELIVERY, STORAGE AND HANDLING

Glazing compounds shall be delivered to the site in the manufacturer's 
unopened containers.  Plastic sheets shall be stored indoors in a safe, 
well ventilated dry location in accordance with manufacturer's 
instructions, and shall not be unpacked until needed for installation.  
Plastic sheets shall not be stored on site over 1 month.

PART 2   PRODUCTS

2.1   BULLET-RESISTING PLASTIC SHEETS

Multiple layers of woven roving ballastic grade fiberglass cloth 
impreganated with thermoset resin and compressed into rigid, clear, flat 
sheets.  The production technique and materials used shall provide the 
controlled internal delamination to permit the encapture of a penetrating 
projectile, listed by UL 752 as bullet resisting, Class IV.

2.2   GLAZING ACCESSORIES

2.2.1   Sealant

Sealant shall be elastomeric conforming to ASTM C 920, Type S, Grade NS, 
Class 25, Use G.  Color of sealant shall be as selected.

2.2.2   Glazing Gaskets

Glazing gaskets shall be extruded with continuous integral locking 
projection designed to provide a watertight seal during dynamic loading, 
building movements and thermal movements.  Glazing gaskets for a single 
glazed opening shall be continuous one-piece units with factory-fabricated 
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injection-molded corners free of flashing and burrs.  Glazing gaskets shall 
be in lengths or units recommended by manufacturer to ensure against 
pull-back at corners.  Glazing gasket profiles shall be as indicated on 
drawings.

PART 3   EXECUTION

3.1   PREPARATION

Openings and framing systems scheduled to receive plastic sheet shall be 
examined for compliance with approved shop drawings, GANA Glazing Manual 
and plastic sheet manufacturer's recommendations including size, 
squareness, offsets at corners, presence and function of weep system, face 
and edge clearance requirements and effective sealing between joints of 
framing members. Detrimental materials shall be removed from glazing rabbet 
and glass surfaces and wiped dry with solvent.  Glazing surfaces shall be 
dry.

3.2   INSTALLATION

Install plastic sheets in steel frames as specified in Section 08110 STEEL 
DOORS AND FRAMES in accordance with approved shop drawings, GANA Glazing 
Manual, glass manufacturer's instructions and warranty requirements.    
Edges and corners shall not be ground, nipped or cut after leaving factory. 
 Springing, forcing or twisting of units during installation will not be 
permitted.

3.3   CLEANING

Upon completion of project, outside surfaces of plastic sheet shall be 
washed clean and the inside surfaces of plastic sheet shall be washed and 
polished in accordance with plastic sheet manufacturer's recommendations.

3.4   PROTECTION

Plastic sheet work shall be protected immediately after installation.  
Glazed openings shall be identified with suitable warning tapes, cloth or 
paper flags, attached with non-staining adhesives.  Plastic sheets which 
are broken, chipped, cracked, abraded, or otherwise damaged during 
construction activities shall be removed and replaced with new units.

        -- End of Section --
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SECTION 09250

GYPSUM WALLBOARD

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 36/C 36M (1999) Gypsum Wallboard

ASTM C 475 (1994) Joint Compound and Joint Tape for 
Finishing Gypsum Board

ASTM C 630/C 630M (1996a) Water-Resistant Gypsum Backing 
Board

ASTM C 645 (2000) Nonstructural Steel Framing Members

ASTM C 754 (1999a) Installation of Steel Framing 
Members to Receive Screw-Attached Gypsum 
Panel Products

ASTM C 840 (1999) Application and Finishing of Gypsum 
Board

ASTM C 955 (1998) Load-Bearing (Transverse and Axial) 
Steel Studs, Runners (Tracks), and Bracing 
or Bridging for Screw Application of 
Gypsum Panel Products and Metal Plaster 
Bases

ASTM C 1002 (1998) Steel Drill Screws for the 
Application of Gypsum Panel Products or 
Metal Plaster Bases

ASTM C 1047 (1999) Accessories for Gypsum Wallboard 
and Gypsum Veneer Base

ASTM C 1178/C 1178M (1999) Glass Mat Water-Resistant Gypsum 
Backing Panel

GYPSUM ASSOCIATION (GA)

GA 214 (1996) Recommended Levels of Gypsum Board 
Finish

GA 216 (1996) Application and Finishing of Gypsum 
Board 
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1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Steel Framing

  Drawings and installation details for ceiling framing, furring, 
special wall framing, and framed openings in walls and ceilings.

SD-07 Certificates

Gypsum Wallboard

Steel Framing

Fire-Rated Gypsum Board

  Certificates stating that the steel framing and gypsum wallboard 
meet the specified requirements.

1.3   QUALIFICATIONS

Manufacturer shall specialize in manufacturing the types of material 
specified and shall have a minimum of 5 years of documented successful 
experience.  Installer shall specialize in the type of gypsum board work 
required and shall have a minimum of 3 years of documented successful 
experience.

1.4   DELIVERY, STORAGE AND HANDLING

Materials shall be delivered in original containers bearing the name of 
manufacturer, contents, and brand name.  Materials shall be stored off the 
ground in a weathertight structure for protection.  Gypsum boards shall be 
stacked flat, off floor and supported to prevent sagging and warpage.  
Joint materials shall be stored in accordance with manufacturer's printed 
instructions.  Damaged or deteriorated materials shall be removed from 
jobsite.

1.5   ENVIRONMENTAL CONDITIONS

Building spaces shall be ventilated to remove water not required for drying 
joint treatment materials.  Drafts shall be avoided during dry hot weather 
to prevent materials from drying too rapidly.

PART 2   MATERIALS

2.1   NON-LOADBEARING STUD WALLS

2.1.1   Studs

Studs for non-loadbearing walls shall conform to ASTM C 645.  Studs shall 
be C-shaped, roll formed steel with minimum uncoated design thickness of 
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0.45 mm (0.0179 in) made from G40 hot-dip galvanized coated sheet.

2.1.2   Runner Tracks

Floor and ceiling runner tracks shall conform to ASTM C 645.  Tracks shall 
be prefabricated, U-shaped with minimum 25 mm (1 inch) flanges, unpunched 
web, thickness to match studs, made from G40 hot-dip galvanized coated 
sheet.

2.2   LOADBEARING STUD WALLS

2.2.1   Runner Tracks

Floor and ceiling runner tracks shall conform to ASTM C 955.  Runners shall 
be prefabricated, U-shaped with minimum 19 mm (3/4 inch) flanges, unpunched 
web, thickness to match studs, made from G60 hot-dip galvanized coated 
sheet.

2.2.2   Bridging

Bridging for loadbearing walls shall conform to ASTM C 955.  Bridging shall 
be minimum 19 x 19 mm (3/4 x 3/4 inch) cold-rolled steel channel with weld 
attachment clips at each stud or V-bar type weld or screw attached to each 
stud flange.  Bridging shall be adequate to provide lateral support for the 
stud.

2.3   GYPSUM BOARD

Gypsum board shall have square-cut ends, tapered or beveled edges and shall 
be maximum possible length.  Gypsum board thickness shall be as shown.

2.3.1   Fire-Rated Gypsum Board

Fire-rated gypsum board shall conform to ASTM C 36/C 36M, and shall be Type 
X or Type C as required, 1200 mm (48 inches) wide.

2.3.2   Water-Resistant Gypsum Backing Panel

Glass mat water-resistant gypsum backing panels shall conform to ASTM C 
1178/C 1178M, shall have a water-resistant cove with water and mold/mildew 
resistant fiberglass faces imbedded into the cove and shal have square 
edges 1200 mm (48 inches) wide by 15.8 mm (5/8 inch) thick.

2.4   TRIM, MOLDINGS, AND ACCESSORIES

2.4.1   Taping and Embedding Compound

Taping and embedding compound shall conform to ASTM C 475.  Compound shall 
be specifically formulated and manufactured for use in embedding tape at 
gypsum wallboard joints and fastener heads, and shall be compatible with 
tape and substrate.

2.4.2   Finishing or Topping Compound

Finishing or topping compound shall conform to ASTM C 475.  Compound shall 
be specifically formulated and manufactured for use as a finishing compound 
for gypsum board.

2.4.3   All-Purpose Compound
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All-purpose compound shall be specifically formulated and manufactured to 
use as a taping and finishing compound, and shall be compatible with tape 
and substrate.

2.4.4   Joint Tape

Joint tape shall conform to ASTM C 475 and shall be as recommended by 
gypsum board manufacturer.

2.4.5   Trim, Control Joints, Beads, Stops and Nosings

Items used to protect edges, corners, and to provide architectural features 
shall be in accordance with ASTM C 1047.

2.5   FASTENINGS

2.5.1   Screws

Screws shall conform to ASTM C 1002.  Screws shall be self-drilling and 
self-tapping steel, Type S for wood or light-gauge steel framing.

PART 3   EXECUTION

3.1   INTERIOR WALL FRAMING

Steel framing and furring members shall be installed in accordance with 
ASTM C 754.  Members shall be in alignment with spacings not to exceed the 
maximum spacings indicated on drawings.  Runners shall be aligned 
accurately at the floor and ceiling and securely anchored.

3.1.1   Wall Openings

The framing system shall provide for the installation and anchorage of the 
required subframes or finish frames for wall openings at doors.  Studs at 
openings shall be 0.84 mm (0.0329 in) minimum bare metal thickness and spot 
grouted at jamb anchor inserts.  Double studs shall be fastened together 
with screws and secured to floor and overhead runners.  

3.1.2   Blocking

Blocking shall be provided as necessary for mounted equipment.  Blocking 
shall be metal or wood and shall be cut to fit between framing members.  
Blocking shall be regidly anchored to the framing members.  Under no 
circumstances will accessories or other wall mounted equipment be anchored 
directly to gypsum wallboard.

3.2   APPLICATION OF GYPSUM BOARD

Gypsum board shall be installed in accordance with ASTM C 840, GA 214 and 
GA 216 and as specified.  Paragraph 17.3.1 GENERAL of ASTM C 840 which 
permits usage of water resistant gypsum board as a base for adhesive 
application of ceramic, does not apply.  Edges and ends of gypsum boards 
shall be cut to obtain neat fitting joints.  End joints of adjoining boards 
shall be staggered, and shall be staggered on opposite sides of wall.  
Boards shall be applied with moderate contact without forcing in place.  
Holes for pipes, fixtures or other small openings shall be cut with a tool 
which will provide a neat fit.  Screws shall be driven so that the heads 
are slightly below the plane of paper face.  Fracturing the paper face or 
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damaging the core shall be avoided.  Trim shall be installed at external 
and internal angles formed by the intersecting gypsum board surfaces with 
other surfaces.  Corner beads shall be installed to vertical and horizontal 
corners in accordance with manufacturer's published instructions.  Boards 
of maximum practical length shall be used so that an absolute minimum 
number of end joints occur.  Gypsum board partitions in rooms with ceiling 
heights less than 3 m  shall have full height boards installed vertically 
with no end joints in the gypsum installation.

3.2.1   Water-Resistant Gypsum Board

Water-resistant gypsum board shall be installed at the locations indicated.

3.3   TRIM, MOLDINGS, AND ACCESSORIES INSTALLATION

Trim, moldings and accessories shall be installed in accordance with GA 216.

3.4   GYPSUM BOARD FINISH

Gypsum board shall be finished in accordance with ASTM C 840, GA 214 and GA 
216.  Water resistant gypsum backing board, ASTM C 630/C 630M, to receive 
ceramic tile shall be finished to Level 2 in accordance with GA 214.  
Unless otherwise specified, all gypsum board walls, partitions and ceilings 
shall be finished to Level 5 in accordance with GA 214.

3.5   PATCHING

Surface defects and damage shall be corrected as required to leave gypsum 
board smooth, uniform in appearance, and ready to receive finish as 
specified.

        -- End of Section --
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SECTION 09310

CERAMIC TILE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A108.1B (1992) Installation of Ceramic Tile on a 
Cured Portland Cement Mortar Setting Bed 
with Dry-Set or Latex Portland Cement 
Mortar

ANSI A108.5 (1992) Installation of Ceramic Tile with 
Dry-Set Portland Cement Mortar or 
Latex-Portland Cement Mortar

ANSI A118.1 (1992) Dry-Set Portland Cement Mortar

ANSI A118.6 (1992) Ceramic Tile Grouts

ANSI A137.1 (1988) Ceramic Tile

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 241 (1990) Abrasion Resistance of Stone 
Subjected to Foot Traffic

ASTM C 373 (1988; R 1994) Water Absorption, Bulk 
Density, Apparent Porosity, and Apparent 
Specific Gravity of Fired Whiteware 
Products

ASTM C 648 (1998) Breaking Strength of Ceramic Tile

ASTM C 1026 (1987; R 1996) Measuring the Resistance of 
Ceramic Tile to Freeze-Thaw Cycling

ASTM C 1027 (1984; R 1990) Determining Visible 
Abrasion Resistance of Glazed Ceramic Tile

ASTM C 1028 (1996) Determining the Static Coefficient 
of Friction of Ceramic Tile and Other Like 
Surfaces by the Horizontal Dynamometer 
Pull-Meter Method

MARBLE INSTITUTE OF AMERICA (MIA)
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MIA Design Manual (1991) Design Manual IV Dimensional Stone

TILE COUNCIL OF AMERICA (TCA)

TCA Hdbk (1997) Handbook for Ceramic Tile 
Installation

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Tile
Mortar and Grout

  Manufacturer's catalog data.

Tile
Mortar and Grout

  Manufacturers preprinted installation and cleaning instructions.

SD-04 Samples

Tile
Marble Threshold

  Samples of sufficient size to show color range, pattern, type 
and joints.

SD-07 Certificates

Tile
Mortar and Grout

  Certificates indicating conformance with specified requirements. 
A master grade certificate shall be furnished for tile.

1.3   DELIVERY AND STORAGE

Materials shall be delivered to the project site in manufacturer's original 
unopened containers with seals unbroken and labels and hallmarks intact.  
Materials shall be kept dry, protected from weather, and stored under cover 
in accordance with manufacturer's instructions.

1.4   WARRANTY

Manufacturer's standard performance guarantees or warranties that extend 
beyond a 1-year period shall be provided.

PART 2   PRODUCTS

2.1   TILE
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Tile shall be standard grade conforming to ANSI A137.1.  Containers shall 
be grade sealed.  Seals shall be marked to correspond with the marks on the 
signed master grade certificate.  Tile shall be impact resistant with a 
minimum breaking strength for wall tile of 41 kg (90 lbs) and 113 kg (250 
lbs) for floor tile in accordance with ASTM C 648.  Tile for cold climate 
projects shall be rated frost resistant by the manufacturer as determined 
by ASTM C 1026.  Water absorption shall be 0.50 maximum percent in 
accordance with ASTM C 373.  Floor tile shall have a minimum coefficient of 
friction of 0.50 wet and dry in accordance with ASTM C 1028.  Floor tile 
shall be Class III-Medium Heavy Traffic, durability classification as rated 
by the manufacturer when tested in accordance with ASTM C 1027 for abrasion 
resistance as related to foot traffic.

2.1.1   Mosaic Tile

Ceramic mosaic tile and trim shall be unglazed natural clay with cushion 
edges with sharply formed face.  Tile size shall be 50 x 50 mm (2 x 2 
inches).

2.1.2   Glazed Wall Tile

Glazed wall tile and trim shall be cushion edged with bright glaze.  Tile 
shall be 106 x 106 mm (4-1/4 x 4-1/4) inches.

2.2   WATER

Water shall be potable.

2.3   MORTAR AND GROUT

Mortar and grout shall conform to the following:

2.3.1   Dry-Set Portland Cement Mortar

ANSI A118.1.

2.3.2   Ceramic Tile Grout

ANSI A118.6; commercial portland cement grout.

2.4   MARBLE THRESHOLD

Marble threshold shall be of size required by drawings or conditions.  
Marble shall be Group A as classified by MIA Design Manual.  Marble shall 
have a fine sand-rubbed finish and shall be gray in color as approved by 
the Contracting Officer.  Marble abrasion shall be not less than 12.0 when 
tested in accordance with ASTM C 241.

2.5   GROUT SEALER

Type which penetrates deep, leaving an invisible shield of protection on 
grout surface from soil, moisture and mildew damage, and type as 
recommended by the tile manufacturer.

PART 3   EXECUTION

3.1   PREPARATORY WORK AND WORKMANSHIP

Surface to receive tile shall be inspected and shall conform to the 
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requirements of ANSI A108.1B for surface conditions for the type setting 
bed specified and for workmanship.  Variations of surface to be tiled shall 
fall within maximum values shown below:

            TYPE                   WALLS                   FLOORS

  Dry-Set Mortar           3 mm in 2.4 meters      3.0 mm in 3 meters 
                              (1/8" in 8')            (1/8" in 10')
  
3.2   GENERAL INSTALLATION REQUIREMENTS

Tile work shall not be started until roughing in for mechanical and 
electrical work has been completed and tested.  Floor tile installation 
shall not be started in spaces requiring wall tile until after wall tile 
has been installed.  Tile shall be installed with the respective surfaces 
in true even planes to the elevations and grades shown.  Tile bases and 
coves shall be solidly backed with mortar.

3.3   INSTALLATION OF WALL TILE

Wall tile shall be installed in accordance with the TCA Hdbk, methods W202 
and W243.

3.3.1   Dry-Set Mortar

Dry-set shall be used to install tile in accordance with ANSI A108.5.

3.4   INSTALLATION OF FLOOR TILE

Floor tile shall be installed in accordance with TCA Hdbk, method F115.  

3.4.1   Dry-Set

Dry-set mortar shall be used to install tile directly over properly cured, 
plane, clean concrete slabs in accordance with ANSI A108.5.

3.5   INSTALLATION OF MARBLE THRESHOLD

Threshold shall be installed where indicated in a manner similar to that of 
the ceramic tile floor.  Threshold shall be the full width of the opening.  
Head joints at ends shall not exceed 6 mm (1/4 inch) in width and shall be 
grouted full as specified for ceramic tile.

3.6   CLEANING AND PROTECTING

Upon completion, tile surfaces shall be thoroughly cleaned in accordance 
with manufacturer's approved cleaning instructions.  Acid shall not be used 
for cleaning glazed tile.  Floor tile with resinous grout or with factory 
mixed grout shall be cleaned in accordance with instructions of the grout 
manufacturer.  After the grout has set, tile wall surfaces shall be given a 
protective coat of a noncorrosive soap or other approved method of 
protection.  Tiled floor areas shall be covered with building paper before 
foot traffic is permitted over the finished tile floors.  Board walkways 
shall be laid on tiled floors that are to be continuously used as 
passageways by workmen.  Damaged or defective tiles shall be replaced.

3.6.1   Application of Sealers

Apply first coat of sealer at rate of (600 square foot per gallon) 14 
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square meters per liter.  Allow to dry.  Apply second coat of sealer at the 
rate of (1,200 sqare foot per gallon) 7 square meters per liter.  Apply the 
sealers using lamb's wool, not by brushing or other method.

    -- End of Section --
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SECTION 09900

PAINTING, GENERAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)

ACGIH Limit Values (1999) Threshold Limit Values for Chemical 
Substances and Physical Agents and 
Biological Exposure Indices

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 3273 (1994) Resistance to Growth of Mold on the 
Surface of Interior Coating in an 
Environmental Chamber

ASTM D 3274 (1995) Evaluating Degree of Surface 
Disfigurement of Paint Films by Microbial 
(Fungal or Algal) Growth or Soil and Dirt 
Accumulation

ASTM D 4258 (1999) Surface Cleaning Concrete for 
Coating

COMMERCIAL ITEM DESCRIPTIONS (CID)

CID A-A-1500 (Rev A; Notice 1) Sealer, Surface (Latex 
Block Filler)

CID A-A-2246 (Rev B) Paint, Latex

CID A-A-2247 (Basic) Paint, Latex (Semigloss, Interior)

CID A-A-2248 (Basic) Paint, Latex, (Flat, Interior)

CID A-A-2336 (Rev A) Primer Coating (Alkyd, Exterior 
Wood, White and Tints)

CID A-A-2867 Coating, Polyurethane, Single Component 
Moisture Cure, Alipathic

CID A-A-2994 Primer Coating, Interior, for Walls and 
Wood

FEDERAL SPECIFICATIONS (FS)

FS TT-E-2784 (Rev A) Enamel (Acrylic-Emulsion, Exterior 
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Gloss and Semigloss) (Metric)

MILITARY SPECIFICATIONS (MS)

MIL-P-24441 (Rev. C) Paint, Epoxy-Polyamide

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC Paint 23 (1991) Latex Primer for Steel surfaces

SSPC SP 1 (1982) Solvent Cleaning

SSPC SP 2 (1995) Hand Tool Cleaning

SSPC SP 3 (1995) Power Tool Cleaning

SSPC SP 7/NACE 4 (1994) Brush-Off Blast Cleaning

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Paint

  The names, quantity represented, and intended use for the 
proprietary brands of materials proposed to be substituted for the 
specified materials regardless of quantities in states where VOC 
content limitations apply.

Mixing and Thinning
Application

  Manufacturer's current printed product description, material 
safety data sheets (MSDS) and technical data sheets for each 
coating system.  Detailed mixing, thinning and application 
instructions, minimum and maximum application temperature, and 
curing and drying times between coats for epoxy, moisture-curing 
polyurethane, and liquid glaze coatings.  Detailed application 
instructions for textured coatings shall be provided.

SD-04 Samples

Moisture-Curing Polyurethane

  A complete moisture-curing polyurethane system applied to a 
panel of the same material as that on which the coating will be 
applied in the work and for each color specified.  The sample 
panels will be used for quality control in applying the system.

Paint

  While the material is at the site or source of supply, and at a 
time agreeable to the Contractor and the Contracting Officer, a 1 
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liter (1 quart) sample of each color and batch, except for 
quantities of 200 liters (50 gallons) or less, shall be taken by 
random selection from the sealed containers by the Contractor in 
the presence of a representative of the Contracting Officer.  The 
contents of the containers to be sampled shall be thoroughly mixed 
to ensure that the sample is representative.  Samples shall be 
identified by designated name, specification number, manufacturer 
name and address, batch number, project contract number, intended 
use, and quantity involved.

SD-06 Test Reports

Paint

  A statement as to the quantity represented and the intended use, 
plus the following test report for batches in excess of 200 L (50 
gallons):

  a.  A test report showing that the proposed batch to be used 
meets specified requirements:

  b.  A test report showing that a previous batch of the same 
formulation as the batch to be used met specified requirements, 
plus, on the proposed batch to be used, a report of test results 
for properties of weight per liter (gallon), viscosity, fineness 
of grind, drying time, color, and gloss.

SD-07 Certificates

Lead
Mildewcide and Insecticide
Volatile Organic Compound (VOC) Content

  Certificate stating that paints for interior use contain no 
mercurial mildewcide or insecticide.  Certificate stating that 
paints proposed for use contain not more than 0.06 percent lead by 
weight of the total nonvolatile.  Certificate stating that paints 
proposed for use meet Federal VOC regulations and those of the of 
the local Air Pollution Control Districts having jurisdiction over 
the geographical area in which the project is located.

1.3   PACKAGING, LABELING, AND STORING

Paints shall be in sealed containers that legibly show the designated name, 
formula or specification number, batch number, color, quantity, date of 
manufacture, manufacturer's formulation number, manufacturer's directions 
including any warnings and special precautions, and name of manufacturer. 
Pigmented paints shall be furnished in containers not larger than 20 liters 
(5 gallons).  Paints and thinner shall be stored in accordance with the 
manufacturer's written directions and as a minimum stored off the ground, 
under cover, with sufficient ventilation to prevent the buildup of 
flammable vapors and at temperatures between 15 and 35 degrees C (60 and 95 
degrees F).  Paints shall be stored on the project site or segregated at 
the source of supply sufficiently in advance of need to allow 30 days for 
testing.

1.4   APPROVAL OF MATERIALS

When samples are tested, approval of materials will be based on tests of 
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the samples; otherwise, materials will be approved based on test reports 
furnished with them.  If materials are approved based on test reports 
furnished, samples will be retained by the Government for testing should 
the materials appear defective during or after application.  In addition to 
any other remedies under the contract the cost of retesting defective 
materials will be at the Contractor's expense.

1.5   ENVIRONMENTAL CONDITIONS

Unless otherwise recommended by the paint manufacturer, the ambient 
temperature shall be between 15 and 35 degrees C (60 and 95 degrees F) when 
applying coatings other than water-thinned, epoxy, and moisture-curing 
polyurethane coatings.  Water-thinned coatings shall be applied only when 
ambient temperature is between 15 and 35 degrees C (60 and 95 degrees F). 
(45 and 95 degrees F).  Epoxy, and moisture-curing polyurethane coatings 
shall be applied only within the minimum and maximum temperatures 
recommended by the coating manufacturer.  Moisture-curing polyurethane 
shall not be applied when the relative humidity is below 30 percent.

1.6   SAFETY AND HEALTH

Work shall comply with applicable Federal, State, and local laws and 
regulations, and with the ACCIDENT PREVENTION PLAN, including the Activity 
Hazard Analysis as specified in the CONTRACT CLAUSES.  The Activity Hazard 
Analysis shall include analyses of the potential impact of painting 
operations on painting personnel and on others involved in and adjacent to 
the work zone.

1.6.1   Worker Exposures

Exposure of workers to hazardous chemical substances shall not exceed 
limits established by ACGIH Limit Values, or as required by a more 
stringent applicable regulation.

1.6.2   Toxic Compounds

Toxic products having ineffective physiological warning properties, such as 
no or low odor or irritation levels, shall not be used unless approved by 
the Contracting Officer.

1.6.3   Training

Workers having access to an affected work area shall be informed of the 
contents of the applicable material data safety sheets (MDSS) and shall be 
informed of potential health and safety hazard and protective controls 
associated with materials used on the project.  An affected work area is 
one which may receive mists and odors from the painting operations.  
Workers involved in preparation, painting and clean-up shall be trained in 
the safe handling and application, and the exposure limit, for each 
material which the worker will use in the project.  Personnel having a need 
to use respirators and masks shall be instructed in the use and maintenance 
of such equipment.

1.6.4   Coordination

Work shall be coordinated to minimize exposure of building occupants, other 
Contractor personnel, and visitors to mists and odors from preparation, 
painting and clean-up operations.
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PART 2   PRODUCTS

2.1   PAINT

The term "paint" as used herein includes enamels, paints, sealers, and 
other coatings, whether used as prime, intermediate, or finish coat.  Paint 
shall conform to the requirements listed  in the painting schedules at the 
end of this section, except when the required amount of a material of a 
particular batch is 200 liters or less, an approved first-line proprietary 
paint material with similar intended formulation, usage and color to that 
specified may be used.  Additional requirements are as follows:

2.1.1   Colors and Tints

Colors shall be as selected from manufacturer's standard colors, as 
indicated.  Manufacturer's standard color is for identification of color 
only.  Tinting of epoxy and urethane paints shall be done by the 
manufacturer.  Stains shall conform in shade to manufacturer's standard 
color.  The color of the undercoats shall vary slightly from the color of 
the next coat.

2.1.2   Mildewcide and Insecticide

Paint shall contain a mildewcide that will not adversely affect the color, 
texture, or durability of the coating.  The mildewcide shall be 
incorporated into the paint by the manufacturer and shall attain a surface 
disfigurement rating of 8 or greater when tested in accordance with ASTM D 
3273 and evaluated in accordance with ASTM D 3274.  Mercurial mildewcide 
shall not be used in interior paint.  Insecticides shall not be used in 
paint.

2.1.3   Lead

Paints containing lead in excess of 0.06 percent by weight of the total 
nonvolatile content (calculated as lead metal) shall not be used.

2.1.4   Chromium

Paints containing zinc chromate or strontium chromate pigments shall not be 
used.

2.1.5   Volatile Organic Compound (VOC) Content

Paints shall comply with applicable federal, state and local laws enacted 
to insure compliance with Federal Clean Air Standards and shall conform to 
the restrictions of the local air pollution control authority.

PART 3   EXECUTION

3.1   PROTECTION OF AREAS NOT TO BE PAINTED

Items not to be painted which are in contact with or adjacent to painted 
surfaces shall be removed or protected prior to surface preparation and 
painting operations.  Items removed prior to painting shall be replaced 
when painting is completed.  Following completion of painting, workmen 
skilled in the trades involved shall reinstall removed items.  Surfaces 
contaminated by coating materials shall be restored to original condition.

3.2   SURFACE PREPARATION
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Surfaces to be painted shall be clean and free of foreign matter before 
application of paint or surface treatments.  Oil and grease shall be 
removed prior to mechanical cleaning.  Cleaning shall be programmed so that 
dust and other contaminants will not fall on wet, newly painted surfaces.  
Exposed ferrous metals such as nail heads on or in contact with surfaces to 
be painted with water-thinned paints, shall be spot-primmed with a suitable 
corrosion-inhibitive primer capable of preventing flash rusting and 
compatible with the coating specified for the adjacent areas.

3.2.1   Concrete and Masonry Surfaces

Concrete and masonry surfaces shall be allowed to dry at least 30 days 
before painting, except concrete slab on grade which shall be allowed to 
cure 90 days before painting.  Surfaces shall be cleaned in accordance with 
ASTM D 4258.  Glaze, efflorescence, laitance, dirt, grease, oil, asphalt, 
surface deposits of free iron and other foreign matter shall be removed 
prior to painting.  Surfaces to receive polyurethane or epoxy coatings 
shall be acid-etched or mechanically abraded as specified by the coating 
manufacturer, rinsed with water, allowed to dry, and treated with the 
manufacturer's recommended conditioner prior to application of the first 
coat.

3.2.2   Ferrous Surfaces

Ferrous surfaces including those that have been shop-coated, shall be 
solvent-cleaned or detergent-washed in accordance with SSPC SP 1.  Surfaces 
that contain loose rust, loose mill scale, and other foreign substances 
shall be cleaned mechanically with hand tools according to SSPC SP 2, power 
tools according to SSPC SP 3 or by sandblasting according to SSPC SP 7/NACE 
4.  Shop-coated ferrous surfaces shall be protected from corrosion by 
treating and touching up corroded areas immediately upon detection.

3.2.3   Nonferrous Metallic Surfaces

Galvanized and other nonferrous metal surfaces shall be solvent-cleaned or 
detergent-washed in accordance with SSPC SP 1.

3.2.4   Gypsum Board Surfaces

Gypsum board surfaces shall be dry and shall have all loose dirt and dust 
removed by brushing with a soft brush, rubbing with a cloth, or 
vacuum-cleaning prior to application of the first-coat material.  A damp 
cloth or sponge may be used if paint will be water-based.

3.2.5   Wood Surfaces

Wood surfaces shall be cleaned of foreign matter.  Moisture content of the 
wood shall not exceed 12 percent as measured by a moisture meter, unless 
otherwise authorized.  Wood surfaces adjacent to surfaces to receive 
water-thinned paints shall be primed and/or touched up before applying 
water-thinned paints.  Small, dry seasoned knots shall be scraped, cleaned, 
and given a thin coat of commercial knot sealer, before application of the 
priming coat.  Pitch on large, open, unseasoned knots and all other beads 
or streaks of pitch shall be scraped off, or, if it is still soft, removed 
with mineral spirits or turpentine, and the resinous area shall be thinly 
coated with knot sealer.  Finishing nails shall be set, and all holes and 
surface imperfections shall be primed.  After priming, holes and 
imperfections in finish surfaces shall be filled with putty or plastic wood 
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filler, colored to match the finish coat if natural finish is required, 
allowed to dry, and sanded smooth.  Putty or wood filler shall be 
compatible with subsequent coatings.

3.3   MIXING AND THINNING

When thinning is approved as necessary to suit surface, temperature, 
weather conditions, or application methods, paints may be thinned in 
accordance with the manufacturer's directions.  When thinning is allowed, 
paints shall be thinned immediately prior to application with not more than 
0.125 L of suitable thinner per liter.  The use of thinner shall not 
relieve the Contractor from obtaining complete hiding, full film thickness, 
or required gloss.  Thinning shall not cause the paint to exceed  limits on 
volatile organic compounds.  Paints of different manufacturers shall not be 
mixed.

3.4   APPLICATION

Painting practices shall comply with applicable federal, state and local 
laws enacted to insure compliance with Federal Clean Air Standards.  Unless 
otherwise specified or recommended by the paint manufacturer, paint may be 
applied by brush, roller, or spray.  At the time of application, paint 
shall show no signs of deterioration.  Uniform suspension of pigments shall 
be maintained during application.  Each coat of paint shall be applied so 
dry film shall be of uniform thickness and free from runs, drops, ridges, 
waves, pinholes or other voids, laps, brush marks, and variations in color, 
texture, and finish.  Hiding shall be complete.  Rollers for applying 
paints and enamels shall be of a type designed for the coating to be 
applied and the surface to be coated.  Special attention shall be given to 
insure that all edges, corners, crevices, welds, and rivets receive a film 
thickness equal to that of adjacent painted surfaces.  Paints, except 
water-thinned types, shall be applied only to surfaces that are completely 
free of moisture as determined by sight or touch.

3.4.1   Ventilation

Affected areas shall be ventilated during paint application so that workers 
exposure to chemical substances shall not exceed limits as established by 
ACGIH Limit Values, or as required by a more stringent applicable 
regulation.  Interior work zones having a volume of 280 cubic meters 
(10,000 cubic feet) or less shall be ventilated at a minimum of 2 air 
exchanges per hour.  Ventilation in larger work zones shall be maintained 
by means of mechanical exhaust.  Solvent vapors shall be exhausted 
outdoors, away from air intakes and workers.  Return air inlets in the work 
zone shall be temporarily sealed before start of work until the coatings 
have dried.

3.4.2   Respirators

Operators and personnel in the vicinity of operating paint sprayers shall 
wear respirators.

3.4.3   First Coat

The first coat on gypsum wallboard, and other surfaces shall include 
repeated touching up of suction spots or overall application of primer or 
sealer to produce uniform color and gloss.  Excess sealer shall be wiped 
off after each application.  The first coat on both faces of wood doors 
shall be applied at essentially the same time.
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3.4.4   Timing

Surfaces that have been cleaned, pretreated, and otherwise prepared for 
painting shall be given a coat of the specified first coat as soon as 
practical after such pretreatment has been completed, but prior to any 
deterioration of the prepared surface.  Sufficient time shall elapse 
between successive coats to permit proper drying.  This period shall be 
modified as necessary to suit weather conditions.  Manufacturer's 
instructions for application, curing and drying time between coats of 
two-component systems shall be followed.

3.4.5   Fillers

3.4.5.1   Latex Filler

Latex filler, CID A-A-1500, shall be applied according to the 
manufacturer's instructions.  Surface voids shall be filled and excess 
filler shall be removed from the surface with a rubber squeegee.  The 
filler shall be allowed to dry the length of time specified by the 
manufacturer prior to applying successive coats of paint.

3.4.6   Ferrous-Metal Primer

Primer for ferrous-metal shall be applied to ferrous surfaces to receive 
paint prior to deterioration of the prepared surface.  The semitransparent 
film applied to some pipes and tubing at the mill is not to be considered a 
shop coat, but shall be overcoated with the specified ferrous-metal primer 
prior to application of finish coats.

3.5   SURFACES TO BE PAINTED

Surfaces listed in the painting schedules at the end of this section, shall 
be painted as scheduled.

3.6   CLEANING

Cloths, cotton waste and other debris that might constitute a fire hazard 
shall be placed in closed metal containers and removed at the end of each 
day.  Upon completion of the work, staging, scaffolding, and containers 
shall be removed from the site or destroyed in an approved manner.  Paint 
and other deposits on adjacent surfaces shall be removed and the entire job 
left clean and acceptable.

3.7   PAINTING SCHEDULES

The following painting schedules identify the surfaces to be painted and 
prescribe the paint to be used and the number of coats of paint to be 
applied.  Contractor options are indicated by ------or------ between 
optional systems or coats.
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EXTERIOR PAINTING SCHEDULE

Surface            First Coat               Second Coat          Third Coat

                                                                              

Concrete           CID A-A-1500             FS TT-E-2784          FS TT-E-2784
masonry units.                              Type III              Type III
                  
                                                                              

Concrete, unless   FS TT-E-2784             FS TT-E-2784          FS TT-E-2784
otherwise          Type III                 Type III              Type III
specified.
                                                                              

Wood, unless       CID A-A-2336             FS TT-E-2784         FS TT-E-2784
otherwise                                   Type III             Type III
specified.
                                                                              

Ferrous metal*     MIL-P-24441/29           MIL-P-24441/31       CID A-A-2867
                   Form 150, Type IV        Form 152, Type IV  

                  *Solvent clean per SSPC SP 1
                                                                              

Galvanized         MIL-P-24441/29           MIL-P-24441/31       CID A-A-2867
metal.*            Form 150, Type IV        Form 152, Type IV

                  *Solvent clean per SSPC SP 1
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INTERIOR PAINTING SCHEDULE

Surface            First Coat               Second Coat          Third Coat
                                                                              

Concrete masonry   CID A-A-1500             CID A-A-2994    CID A-A-2246
units requiring                             Type II
a smooth finish                                             -----or-----

                                                            CID A-A-2247

                                                            -----or-----

                                                            CID A-A-2248
                                                                              

                   CID A-A-2994             FS TT-E-2784        FS TT-E-2784 
Gypsum board:      Type II                  Type III            Type III    

                                                                              

 Ferrous Metal     SSPC Paint 23            FS TT-E-2784         FS TT-E-2784
 unless                                     Type II              Type II 
 otherwise
 specified         
                                                                              

Ferrous metal      Two coats of paint as recommended by             None
factory-primed     the equipment manufacturer
mechanical and
electrical
equipment.
                                                                              

Galvanized metal:  FS TT-E-2784             FS TT-E-2784          FS TT-E-2784
                   Type III                 Type II               Type II
                                                                              

Wood:              CID A-A-2994             CID A-A-2246            None
unless otherwise   Type I                  -----------------or---------------
specified.
                                            CID A-A-2247            None
                                           -----------------or---------------
                                            CID A-A-2248            None
                                                                              

Galvanized Surface Metal:
Electrical         FS TT-E-2784              CID A-A-2246        CID A-A-2246
conduit runs                                 ----------------or--------------
metallic tubing                              CID A-A-2247        CID A-A-2247
pipe hangars                                 ----------------or--------------
louvers, grilles,                            CID A-A-2248        CID A-A-2248
and air outlets,
in areas having
painted adjacent
surfaces.
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        -- End of Section --
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SECTION 10430

EXTERIOR SIGNAGE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ALUMINUM ASSOCIATION (AA)

AA DAF-45 (1980; R 1993) Designation System for 
Aluminum Finishes

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 26/B 26M (1998) Aluminum-Alloy Sand Castings

ASTM B 108 (1997) Aluminum-Alloy Permanent Mold 
Castings

ASTM B 209M (1995) Aluminum and Aluminum-Alloy Sheet 
and Plate (Metric)

ASTM B 221M (1996) Aluminum and Aluminum-Alloy 
Extruded Bars, Rods, Wire, Profiles, and 
Tubes (Metric)

AMERICAN WELDING SOCIETY (AWS)

AWS C1.1 (1966) Recommended Practices for 
Resistance Welding 

1.2   GENERAL

All exterior signage shall be provided by a single manufacturer.  Exterior 
signage shall be of the design, detail, sizes, types, and message content 
shown on the drawings, shall conform to the requirements specified, and 
shall be provided at the locations indicated.  Signs shall be complete with 
lettering, framing as detailed, and related components for a complete 
installation.

1.3   WIND LOAD REQUIREMENTS

Exterior signage shall be designed to withstand 160 km/h (100 mph) windload.

1.4   CHARACTER PROPORTIONS AND HEIGHTS

Letters and numbers on indicated signs for handicapped-accessible buildings 
shall have a width-to-height ratio between 3:5 and 1:1 and a 
stroke-width-to-height ratio between 1:5 and 1:10.  Characters and numbers 
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on indicated signs shall be sized according to the viewing distance from 
which they are to be read.  The minimum height is measured using an upper 
case letter "X".  Lower case characters are permitted.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Approved Detail Drawings

  Drawings showing elevations of each type of sign; dimensions, 
details, and methods of mounting or anchoring; shape and thickness 
of materials; and details of construction.  A schedule showing the 
location, each sign type, and message shall be included.

SD-03 Product Data

Installation

  Manufacturer's installation instructions and cleaning 
instructions.

Wind Load Requirements

  Design analysis and supporting calculations performed in support 
of specified signage.

SD-04 Samples

Dimensional Building Letters

  Samples may be installed in the work, provided each sample is 
identified and location recorded.

1.6   QUALIFICATIONS

Dimensional letters shall be the standard product of a manufacturer 
regularly engaged in the manufacture of the products.  Items of equipment 
shall essentially duplicate equipment that has been in satisfactory use at 
least 2 years prior to bid opening.

1.7   DELIVERY AND STORAGE

Materials shall be wrapped for shipment and storage, delivered to the 
jobsite in manufacturer's original packaging, and stored in a clean, dry 
area in accordance with manufacturer's instructions.

PART 2   PRODUCTS

2.1   DIMENSIONAL BUILDING LETTERS

2.1.1   Fabrication
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Letters shall be fabricated from cast aluminum 3 mm (1/8 inch) aluminum 
sheet.  Letters shall be cleaned by chemical etching or cleaned 
ultrasonically in a special degreasing bath.  Letters shall be packaged for 
protection until installation.

2.1.2   Typeface

Typeface shall be helvetica medium.

2.1.3   Size

Letter size shall be as indicated.

2.1.4   Finish

Baked enamel or two-component acrylic polyurethane.

2.1.5   Mounting

Threaded studs of number and size as recommended by manufacturer, shall be 
used for concealed anchorage.  Letters which project from the building line 
shall have stud spacer sleeves.  Letters, studs, and sleeves shall be of 
the same material.  Templates for mounting shall be supplied.

2.2   ALUMINUM ALLOY PRODUCTS

Aluminum alloy products shall conform to ASTM B 209M  for sheet or plate, 
ASTM B 221M  for extrusions and ASTM B 26/B 26M or ASTM B 108 for castings. 
 Aluminum extrusions shall be provided at least 3 mm (1/8 inch) thick and 
aluminum plate or sheet at least 16 gauge thick.  Welding for aluminum 
products shall conform to AWS C1.1.

2.3   ANODIC COATING

Anodized finish shall conform to AA DAF-45 as follows:

Integrated color anodized designation AA-M10-C22-A32, Architectural 
Class 0.010 to 0.018 mm (0.4 to 0.7 mil).

PART 3   EXECUTION

3.1   INSTALLATION

Dimensional letters shall be installed in accordance with approved 
manufacturer's instructions at locations shown on the approved detail 
drawings.  Signs shall be installed plumb and true at mounting heights 
indicated, and by method shown or specified.  Signs mounted on other 
surfaces shall not be installed until finishes on such surfaces have been 
completed.

3.1.1   Anchorage

Anchorage and fastener materials shall be in accordance with approved 
manufacturer's instructions for the indicated substrate.

    -- End of Section --
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SECTION 10800

TOILET ACCESSORIES

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 1036 (1991; R 1997) Flat Glass

COMMERCIAL ITEM DESCRIPTIONS (CID)

CID A-A-2380 (Rev A) Dispenser, Paper Towel 

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Finishes
Accessory Items

  Manufacturer's descriptive data and catalog cuts indicating 
materials of construction, fasteners proposed for use for each 
type of wall construction, mounting instructions, operation 
instructions, and cleaning instructions.

SD-04 Samples

Finishes
Accessory Items

  One sample of each accessory proposed for use.  Approved samples 
may be incorporated into the finished work, provided they are 
identified and their locations noted.

1.3   DELIVERY, STORAGE, AND HANDLING

Toilet accessories shall be wrapped for shipment and storage, delivered to 
the jobsite in manufacturer's original packaging, and stored in a clean, 
dry area protected from construction damage and vandalism.

1.4   WARRANTY
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Manufacturer's standard performance guarantees or warranties that extend 
beyond a 1 year period shall be provided.

PART 2   PRODUCTS

2.1   MANUFACTURED UNITS

Toilet accessories shall be provided where indicated in accordance with 
paragraph SCHEDULE.  Each accessory item shall be complete with the 
necessary mounting plates and shall be of sturdy construction with 
corrosion resistant surface.

2.1.1   Anchors and Fasteners

Anchors and fasteners shall be capable of developing a restraining force 
commensurate with the strength of the accessory to be mounted and shall be 
suited for use with the supporting construction.  Exposed fasteners shall 
be of tamperproof design and shall be finished to match the accessory.

2.1.2   Finishes

Except where noted otherwise, finishes on metal shall be provided as 
follows:

           Metal                              Finish
           _____                              ______

     Stainless steel                    No. 4 satin finish
  
2.2   ACCESSORY ITEMS

Accessory items shall conform to the requirements specified below.

2.2.1   Mirrors, Glass (MG)

Glass for mirrors shall be Type I transparent flat type, Class 1-clear.  
Glazing Quality q1 6 mm (1/4 inch) thick conforming to ASTM C 1036.  Glass 
shall be coated on one surface with silver coating, copper protective 
coating, and mirror backing paint.  Silver coating shall be highly adhesive 
pure silver coating of a thickness which shall provide reflectivity of 83 
percent or more of incident light when viewed through 6 mm (1/4 inch) thick 
glass, and shall be free of pinholes or other defects.  Copper protective 
coating shall be pure bright reflective copper, homogeneous without sludge, 
pinholes or other defects, and shall be of proper thickness to prevent 
"adhesion pull" by mirror backing paint.  Mirror backing paint shall 
consist of two coats of special scratch and abrasion-resistant paint and 
shall be baked in uniform thickness to provide a protection for silver and 
copper coatings which will permit normal cutting and edge fabrication.

2.2.2   Paper Towel Dispenser (PTD)

Paper towel dispenser shall conform to CID A-A-2380, Type I, shall be 
constructed of not less than 0.683 mm (0.269 inch) Type 304 stainless 
steel, and shall be surface mounted.  Locking mechanism shall be tumbler 
key lock.

2.2.3   Soap Dispenser (SD)
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Soap dispenser shall be surface mounted, liquid type consisting of a 
vertical Type 304 stainless steel tank with holding capacity of 1.2 L (40 
fluid ounces) with a corrosion-resistant all-purpose valve that dispenses 
liquid soaps, lotions, detergents and antiseptic soaps.

2.2.4   Toilet Tissue Dispenser (TTD)

Toilet tissue holder shall be Type II - surface mounted with two rolls of 
standard tissue stacked vertically.  Cabinet shall be stainless steel, 
satin finish.

2.2.5   Toilet Seat Cover Dispenser (TSCD)

Toilet seat cover dispensers shall be Type 304 stainless steel and shall be 
surface mounted.  Dispenser shall have a minimum capacity of 500 seat 
covers.

PART 3   EXECUTION

3.1   INSTALLATION

Toilet accessories shall be securely fastened to the supporting 
construction in accordance with the manufacturer's approved instructions.  
Accessories shall be protected from damage from the time of installation 
until acceptance.

3.2   CLEANING

Material shall be cleaned in accordance with manufacturer's 
recommendations.  Alkaline or abrasive agents shall not be used.  
Precautions shall be taken to avoid scratching or marring of surfaces.

3.3   SCHEDULE

Accessories Required

             Room
             or
             Space       MG     PTD      SD     TSCD      TTD
             _____      ______________________________________

             Toilet       1      1        1       1        1         

    -- End of Section --
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SECTION 15400

PLUMBING, GENERAL PURPOSE

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 74 (1998) Cast Iron Soil Pipe and Fittings

ASTM A 888 (1998el) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

ASTM B 32 (1996) Solder Metal

ASTM B 88 (1999) Seamless Copper Water Tube

ASTM B 88M (1999) Seamless Copper Water Tube (Metric)

ASTM B 370 (1998) Copper Sheet and Strip for Building 
Construction

ASTM B 813 (1993) Liquid and Paste Fluxes for 
Soldering Applications of Copper and 
Copper Alloy Tube

ASTM B 828 (1998) Making Capillary Joints by 
Soldering of Copper and Copper Alloy Tube 
and Fittings

ASTM C 564 (1997) Rubber Gaskets for Cast Iron Soil 
Pipe and Fittings

ASTM C 920 (1998) Elastomeric Joint Sealants

ASTM D 2822 (1991; R 1997el) Asphalt Roof Cement

ASTM D 3139 (1998) Joints for Plastic Pressure Pipes 
Using Flexible Elastomeric Seals

ASTM D 3212 (1996a) Joints for Drain and Sewer Plastic 
Pipes Using Flexible Elastomeric Seals

ASTM D 3308 (1997) PTFE Resin Skived Tape

ASTM F 477 (1999) Elastomeric Seals (Gaskets) for 
Joining Plastic Pipe
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ASME INTERNATIONAL (ASME)

ASME A112.6.1M (1997) Supports for Off-the-Floor Plumbing 
Fixtures for Public Use

ASME A112.19.2M (1998) Vitreous China Plumbing Fixtures

ASME A112.36.2M (1991; R 1998) Cleanouts

ASME B1.20.1 (1983; R 1992) Pipe Threads, General 
Purpose (Inch)

ASME B16.15 (1985; R 1994) Cast Bronze Threaded 
Fittings Classes 125 and 250

ASME B16.18 (1984; R 1994) Cast Copper Alloy Solder 
Joint Pressure Fittings

ASME B16.22 (1995; B16.22a1998) Wrought Copper and 
Copper Alloy Solder Joint Pressure Fittings

ASME B31.5 (1992; B31.5a1994) Refrigeration Piping

AMERICAN SOCIETY OF SANITARY ENGINEERING FOR PLUMBING AND SANITARY 
RESEARCH (ASSE)

ASSE 1002 (1986) Water Closet Flush Tank Ball Cocks

AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA EWW (1999) Standard Methods for the 
Examination of Water and Wastewater

AWWA B300 (1999) Hypochlorites

AWWA B301 (1992; Addenda B301a - 1999) Liquid 
Chlorine

AWWA C105 (1993) Polyethylene Encasement for 
Ductile-Iron Pipe Systems

AWWA C203 (1997; addenda C203a - 1999) Coal-Tar 
Protective Coatings and Linings for Steel 
Water Pipelines - Enamel and Tape - 
Hot-Applied

AWWA C606 (1997) Grooved and Shouldered Joints

AWWA M20 (1973) Manual:  Water Chlorination 
Principles and Practices

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8 (1992) Filler Metals for Brazing and Braze 
Welding

AWS B2.2 (1991) Brazing Procedure and Performance 
Qualification
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CAST IRON SOIL PIPE INSTITUTE (CISPI)

CISPI 301 (1997) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

CISPI 310 (1997) Coupling for Use in Connection with 
Hubless Cast Iron Soil Pipe and Fittings 
for Sanitary and Storm Drain, Waste, and 
Vent Piping Applications

CISPI HSN-85 (1985) Neoprene Rubber Gaskets for Hub and 
Spigot Cast Iron Soil Pipe and Fittings

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA Tube Handbook (1995) Copper Tube Handbook

COUNCIL OF AMERICAN BUILDING OFFICIALS (CABO)

CABO A117.1 (1998) Accessible and Usable Buildings and 
Facilities

INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANCIAL OFFICIALS 
(IAPMO)

IAPMO Z124.5 (1997) Plastic Toilet (Water Closets) Seats

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (1993) Pipe Hangers and Supports - 
Materials, Design and Manufacture

MSS SP-69 (1996) Pipe Hangers and Supports - 
Selection and Application

MSS SP-73 (1991; R 1996) Brazing Joints for Copper 
and Copper Alloy Pressure Fittings

MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-110 (1996) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

NATIONAL ASSOCIATION OF PLUMBING-HEATING-COOLING CONTRACTORS 
(NAPHCC)

NAPHCC Plumbing Code (1996) National Standard Plumbing Code

PLUMBING AND DRAINAGE INSTITUTE (PDI)

PDI WH 201 (1992) Water Hammer Arresters 

1.2   STANDARD PRODUCTS
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Specified materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacture of such products.  
Specified equipment shall essentially duplicate equipment that has 
performed satisfactorily at least two years prior to bid opening.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Plumbing System

  Detail drawings consisting of illustrations, schedules, 
performance charts, instructions, brochures, diagrams, and other 
information to illustrate the requirements and operations of each 
system.  Detail drawings for the complete plumbing system 
including piping layouts and locations of connections; dimensions 
for roughing-in, foundation, and support points; schematic 
diagrams and wiring diagrams or connection and interconnection 
diagrams.  Detail drawings shall indicate clearances required for 
maintenance and operation.  Where piping and equipment are to be 
supported other than as indicated, details shall include loadings 
and proposed support methods.  Mechanical drawing plans, 
elevations, views, and details, shall be drawn to scale.

SD-03 Product Data

Plumbing Fixture Schedule

  Catalog cuts of specified plumbing fixtures, valves, and related 
piping.

Plumbing System

  Diagrams, instructions, and other sheets proposed for posting.  
Manufacturer's recommendations for the installation of bell and 
spigot and hubless joints for cast iron soil pipe.

SD-06 Test Reports

Tests, Flushing and Disinfection

  Test reports in booklet form showing all field tests performed 
to adjust each component and all field tests performed to prove 
compliance with the specified performance criteria, completion and 
testing of the installed system.  Each test report shall indicate 
the final position of controls.

1.4   REGULATORY REQUIREMENTS

Plumbing work shall be in accordance with NAPHCC Plumbing Code. 

1.5   PROJECT/SITE CONDITIONS
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The Contractor shall become familiar with details of the work, verify 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

PART 2   PRODUCTS

2.1   MATERIALS

Materials for various services shall be in accordance with TABLES I and II. 
Pipe schedules shall be selected based on service requirements.  Pipe 
fittings shall be compatible with the applicable pipe materials.  Pipe 
threads (except dry seal) shall conform to ASME B1.20.1.  Material or 
equipment containing lead shall not be used in any potable water system.  
Hubless cast-iron soil pipe shall not be installed underground or under 
concrete floor slabs.

2.1.1   Pipe Joint Materials

Hubless cast-iron soil pipe shall not be used under ground.  Joints and 
gasket materials shall conform to the following:

a.  Coupling for Cast-Iron Pipe:  for hub and spigot type ASTM A 74, 
AWWA C606.  For hubless type:  CISPI 310

b.  Coupling for Steel Pipe:  AWWA C606.

c.  Neoprene Gaskets for Hub and Cast-Iron Pipe and Fittings: CISPI 
HSN-85.

d.  Brazing Material:  Brazing material shall conform to AWS A5.8, 
BCuP-5.

e.  Brazing Flux:  Flux shall be in paste or liquid form appropriate 
for use with brazing material.  Flux shall be as follows:  
lead-free; have a 100 percent flushable residue; contain slightly 
acidic reagents; contain potassium borides; and contain fluorides. 
 Silver brazing materials shall be in accordance with AWS A5.8.

f.  Solder Material:  Solder metal shall conform to ASTM B 32 95-5 
tin-antimony.

g.  Solder Flux:  Flux shall be liquid form, non-corrosive, and 
conform to ASTM B 813, Standard Test 1.

h.  PTFE Tape:  PTFE Tape, for use with Threaded Metal or Plastic 
Pipe, ASTM D 3308.

i.  Rubber Gaskets for Cast-Iron Soil-Pipe and Fittings (hub and 
spigot type and hubless type):  ASTM C 564.

j.  Flexible Elastomeric Seals:  ASTM D 3139, ASTM D 3212 or ASTM F 477.

2.1.2   Miscellaneous Materials

Miscellaneous materials shall conform to the following:

a.  Water Hammer Arrester:  PDI WH 201.

b.  Copper, Sheet and Strip for Building Construction:  ASTM B 370.
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c.  Asphalt Roof Cement:  ASTM D 2822.

d.  Supports for Off-The-Floor Plumbing Fixtures:  ASME A112.6.1M.

e.  Metallic Cleanouts:  ASME A112.36.2M.

f.  Plumbing Fixture Setting Compound:  A preformed flexible ring seal 
molded from hydrocarbon wax material.  The seal material shall be 
nonvolatile nonasphaltic and contain germicide and provide 
watertight, gastight, odorproof and verminproof properties.

g.  Hypochlorites:  AWWA B300.

h.  Liquid Chlorine:  AWWA B301.

i.  Polyethylene Encasement for Ductile-Iron Piping:  AWWA C105.

2.2   PIPE HANGERS, INSERTS, AND SUPPORTS

Pipe hangers, inserts, and supports shall conform to MSS SP-58 and MSS SP-69.

2.3   VALVES

Valves shall be provided on supplies to equipment and fixtures.  Valves 65 
mm (2-1/2 inches) and smaller shall be bronze with threaded bodies for pipe 
and solder-type connections for tubing.  Pressure ratings shall be based 
upon the application.  Valves shall conform to the following standards:

               Description                         Standard

  Ball Valves Threaded, Socket-Welding,
  Solder Joint, Grooved and Flared Ends           MSS SP-110

  Bronze Gate, Globe, Angle, and Check Valves     MSS SP-80

2.4   FIXTURES

Fixtures shall be water conservation type, in accordance with NAPHCC 
Plumbing Code.  Fixtures for use by the physically handicapped shall be in 
accordance with CABO A117.1.  Vitreous china, nonabsorbent, hard-burned, 
and vitrified throughout the body shall be provided.  Porcelain enameled 
ware shall have specially selected, clear white, acid-resisting enamel 
coating evenly applied on surfaces.  No fixture will be accepted that shows 
cracks, crazes, blisters, thin spots, or other flaws.  Fixtures shall be 
equipped with appurtenances such as traps, faucets, stop valves, and drain 
fittings.  Each fixture and piece of equipment requiring connections to the 
drainage system shall be equipped with a trap.  Brass expansion or toggle 
bolts capped with acorn nuts shall be provided for supports, and polished 
chromium-plated pipe, valves, and fittings shall be provided where exposed 
to view.  Fixtures with the supply discharge below the rim shall be 
equipped with backflow preventers.  Internal parts of flush valves may 
contain acetal resin, fluorocarbon, nylon, acrylonitrile-butadiene-styrene 
(ABS) or other plastic material, if the material has provided satisfactory 
service under actual commercial or industrial operating conditions for not 
less than 2 years.  Plumbing fixtures shall be as indicated in paragraph 
PLUMBING FIXTURE SCHEDULE.
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2.4.1   Lavatories

Vitreous china lavatories shall be provided with two integral molded lugs 
on the back-underside of the fixture and drilled for bolting to the wall in 
a manner similar to the hanger plate.

2.5   TRAPS

Unless otherwise specified, traps shall be copper-alloy adjustable tube 
type with slip joint inlet and swivel.  Traps shall be without a cleanout.  
Tubes shall be copper alloy with walls not less than 0.813 mm (0.032 inch) 
thick within commercial tolerances, except on the outside of bends where 
the thickness may be reduced slightly in manufacture by usual commercial 
methods.  Inlets shall have rubber washer and copper alloy nuts for slip 
joints above the discharge level.  Swivel joints shall be below the 
discharge level and shall be of metal-to-metal type as required for the 
application.  Nuts shall have flats for wrench grip.  Outlets shall have 
internal pipe thread, except that when required for the application, the 
outlets shall have sockets for solder-joint connections.  The depth of the 
water seal shall be not less than 50 mm (2 inches).  The interior diameter 
shall be not more than 3.2 mm (1/8 inch) over or under the nominal size, 
and interior surfaces shall be reasonably smooth throughout.  A copper 
alloy "P" trap assembly consisting of an adjustable "P" trap and threaded 
trap wall nipple with cast brass wall flange shall be provided for 
lavatories.  The assembly shall be a standard manufactured unit and may 
have a rubber-gasketed swivel joint.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

The plumbing system shall be installed complete with necessary fixtures, 
fittings, traps, valves, and accessories.  Water and drainage piping shall 
be extended 1.5 m outside the building, unless otherwise indicated.  Piping 
shall be connected to the exterior service lines or capped or plugged if 
the exterior service is not in place.  Sewer and water pipes shall be laid 
in separate trenches, except when otherwise shown.  Exterior underground 
utilities shall be at least 300 mm below the finish grade or as indicated 
on the drawings.  If trenches are closed or the pipes are otherwise covered 
before being connected to the service lines, the location of the end of 
each plumbing utility shall be marked with a stake or other acceptable 
means.  Valves shall be installed with control no lower than the valve body.

3.1.1   Water Pipe, Fittings, and Connections

3.1.1.1   Utilities

The piping shall be extended to fixtures, outlets, and equipment.  The 
cold-water piping system shall be arranged and installed to permit 
draining.  The supply line to each item of equipment or fixture, except 
faucets, flush valves, or other control valves which are supplied with 
integral stops, shall be equipped with a shutoff valve to enable isolation 
of the item for repair and maintenance without interfering with operation 
of other equipment or fixtures.  Supply piping to fixtures, faucets, and 
flushing devices shall be anchored to prevent movement.

3.1.1.2   Cutting and Repairing

The work shall be carefully laid out in advance, and unnecessary cutting of 
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construction shall be avoided.  Damage to building, piping, wiring, or 
equipment as a result of cutting shall be repaired by mechanics skilled in 
the trade involved.

3.1.1.3   Protection of Fixtures, Materials, and Equipment

Pipe openings shall be closed with caps or plugs during installation. 
Fixtures and equipment shall be tightly covered and protected against dirt, 
water, chemicals, and mechanical injury.  Upon completion of the work, the 
fixtures, materials, and equipment shall be thoroughly cleaned, adjusted, 
and operated.  Safety guards shall be provided for exposed rotating 
equipment.

3.1.1.4   Mains, Branches, and Runouts

Piping shall be installed as indicated.  Pipe shall be accurately cut and 
worked into place without springing or forcing.  Structural portions of the 
building shall not be weakened.  Aboveground piping shall run parallel with 
the lines of the building, unless otherwise indicated.  Branch pipes from 
service lines may be taken from top, bottom, or side of main, using 
crossover fittings required by structural or installation conditions.  
Supply pipes, valves, and fittings shall be kept a sufficient distance from 
other work and other services to permit not less than 12 mm between 
finished covering on the different services.  Bare and insulated water 
lines shall not bear directly against building structural elements so as to 
transmit sound to the structure or to prevent flexible movement of the 
lines.  Water pipe shall not be buried in or under floors unless 
specifically indicated or approved.  Changes in pipe sizes shall be made 
with reducing fittings.  Use of bushings will not be permitted except for 
use in situations in which standard factory fabricated components are 
furnished to accommodate specific excepted installation practice.  Change 
in direction shall be made with fittings.

3.1.2   Joints

Installation of pipe and fittings shall be made in accordance with the 
manufacturer's recommendations.  Mitering of joints for elbows and notching 
of straight runs of pipe for tees will not be permitted.  Joints shall be 
made up with fittings of compatible material and made for the specific 
purpose intended.

3.1.2.1   Threaded

Threaded joints shall have American Standard taper pipe threads conforming 
to ASME B1.20.1.  Only male pipe threads shall be coated with graphite or 
with an approved graphite compound, or with an inert filler and oil, or 
shall have a polytetrafluoroethylene tape applied.

3.1.2.2   Unions

Unions shall not be concealed in walls or partitions.  Unions shall be used 
on pipe sizes 65 mm (2-1/2 inches) and smaller.

3.1.2.3   Cast Iron Soil, Waste and Vent Pipe

Bell and spigot compression and hubless gasketed clamp joints for soil, 
waste and vent piping shall be installed per the manufacturer's 
recommendations.
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3.1.2.4   Copper Tube and Pipe

The tube or fittings shall not be annealed when making connections.  
Connections shall be made with a multiflame torch.

a.  Brazed.  Brazed joints shall be made in conformance with AWS B2.2, 
MSS SP-73, and CDA Tube Handbook with flux and are acceptable for 
all pipe sizes.  Copper to copper joints shall include the use of 
copper-phosphorus or copper-phosphorus-silver brazing metal 
without flux.  Brazing of dissimilar metals (copper to bronze or 
brass) shall include the use of flux with either a 
copper-phosphorus, copper-phosphorus-silver or a silver brazing 
filler metal.

b.  Soldered.  Soldered joints shall be made with flux and are only 
acceptable for piping 50 mm (2 inches) and smaller.  Soldered 
joints shall conform to ASME B31.5 and CDA Tube Handbook.

c.  Copper Tube Extracted Joint.  An extracted mechanical joint shall 
not be used.

3.1.3   Dissimilar Pipe Materials

Connections between ferrous and non-ferrous copper water pipe shall be made 
with dielectric unions.  Connecting joints between plastic and metallic 
pipe shall be made with transition fitting for the specific purpose.

3.1.4   Corrosion Protection for Buried Pipe and Fittings

3.1.4.1   Cast Iron and Ductile Iron

Pressure pipe shall have protective coating.  Pipe, fittings, and joints 
shall have a protective coating.  The protective coating shall be 
completely encasing polyethylene tube or sheet in accordance with 
AWWA C105.  Joints and fittings shall be cleaned, coated with primer, and 
wrapped with tape.  The pipe shall be cleaned, coated, and wrapped prior to 
pipe tightness testing.  Joints and fittings shall be cleaned, coated, and 
wrapped after pipe tightness testing.  Tape shall conform to AWWA C203 and 
shall be applied with a 50 percent overlap.  Primer shall be as recommended 
by the tape manufacturer.

3.1.5   Pipe Sleeves and Flashing

Pipe sleeves shall be furnished and set in their proper and permanent 
location.

3.1.5.1   Sleeve Requirements

Pipes passing through concrete or masonry walls or concrete floors shall be 
provided with pipe sleeves fitted into place at the time of construction.  
Sleeves are not required for cast-iron soil pipe passing through concrete 
slab on grade, except where penetrating a membrane waterproof floor.  A 
modular mechanical type sealing assembly may be installed in lieu of a 
waterproofing clamping flange and caulking and sealing of annular space 
between pipe and sleeve.  The seals shall consist of interlocking synthetic 
rubber links shaped to continuously fill the annular space between the pipe 
and sleeve with corrosion-protected carbon steel bolts, nuts, and pressure 
plates.  The links shall be loosely assembled with bolts to form a 
continuous rubber belt around the pipe with a pressure plate under each 
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bolt head and each nut.  After the seal assembly is properly positioned in 
the sleeve, tightening of the bolt shall cause the rubber sealing elements 
to expand and provide a watertight seal between the pipe and the sleeve.  
Each seal assembly shall be sized as recommended by the manufacturer to fit 
the pipe and sleeve involved. Sleeves shall not be installed in structural 
members, except where indicated or approved.  Each sleeve shall extend 
through its respective floor and shall be cut flush with each surface, 
except for special circumstances. Pipe sleeves passing through floors in 
wet areas such as mechanical equipment rooms, lavatories, and other 
plumbing fixture areas shall extend a minimum of 100 mm above the finished 
floor.  Unless otherwise indicated, sleeves shall be of a size to provide a 
minimum of 6 mm (1/4 inch) clearance between bare pipe and inside of sleeve 
or between jacket over insulation and sleeves.  Sleeves in bearing walls 
shall be steel pipe or cast-iron pipe.  Sleeves for membrane waterproof 
floors shall be steel pipe, cast-iron pipe, or plastic pipe.  Membrane 
clamping devices shall be provided on pipe sleeves for waterproof floors.  
Sleeves in nonbearing walls or ceilings may be steel pipe, cast-iron pipe, 
galvanized sheet metal with lock-type longitudinal seam, or 
moisture-resistant fiber or plastic.  Plastic sleeves shall not be used in 
nonbearing fire walls, roofs, or floor/ceilings.  Except as otherwise 
specified, the annular space between pipe and sleeve, or between jacket 
over insulation and sleeve, shall be sealed as indicated with sealants 
conforming to ASTM C 920 and with a primer, backstop material and surface 
preparation as specified in Section 07900 JOINT SEALING.  Annular space 
between pipe and sleeve shall be filled with backing material and sealants 
in the joint between the pipe and concrete or masonry wall as specified 
above.  Sealant selected for the earth side of the wall shall be compatible 
with dampproofing/waterproofing materials that are to be applied over the 
joint sealant.

3.1.5.2   Flashing Requirements

Pipes passing through roof or floor waterproofing membrane shall be 
installed through a 4.9 kg per square meter (16 ounce) copper flashing, 
each within an integral skirt or flange.  Flashing shall be suitably 
formed, and the skirt or flange shall extend not less than 200 mm (8 inches)
 from the pipe and shall be set over the roof or floor membrane in a solid 
coating of bituminous cement.  The flashing shall extend up the pipe a 
minimum of 250 mm (10 inches).  For cleanouts, the flashing shall be turned 
down into the hub and caulked after placing the ferrule.  Pipes passing 
through pitched roofs shall be flashed, using lead or copper flashing, with 
an adjustable integral flange of adequate size to extend not less than 200 
mm from the pipe in all directions and lapped into the roofing to provide a 
watertight seal.  The annular space between the flashing and the bare pipe 
or between the flashing and the metal-jacket-covered insulation shall be 
sealed as indicated.  Flashing for dry vents shall be turned down into the 
pipe to form a waterproof joint.  Pipes, up to and including 250 mm (10 
inches) in diameter, passing through roof or floor waterproofing membrane 
may be installed through a cast-iron sleeve with caulking recess, anchor 
lugs, flashing-clamp device, and pressure ring with brass bolts.  Flashing 
shield shall be fitted into the sleeve clamping device.  Pipes passing 
through wall waterproofing membrane shall be sleeved as described above.  A 
waterproofing clamping flange shall be installed.

3.1.5.3   Waterproofing

Waterproofing at floor-mounted water closets shall be accomplished by 
forming a flashing guard from soft-tempered sheet copper.  The center of 
the sheet shall be perforated and turned down approximately 40 mm to fit 
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between the outside diameter of the drainpipe and the inside diameter of 
the cast-iron or steel pipe sleeve.  The turned-down portion of the 
flashing guard shall be embedded in sealant to a depth of approximately 40 
mm; then the sealant shall be finished off flush to floor level between the 
flashing guard and drainpipe.  The flashing guard of sheet copper shall 
extend not less than 200 mm from the drainpipe and shall be lapped between 
the floor membrane in a solid coating of bituminous cement.  If cast-iron 
water closet floor flanges are used, the space between the pipe sleeve and 
drainpipe shall be sealed with sealant and the flashing guard shall be 
upturned approximately 40 mm to fit the outside diameter of the drainpipe 
and the inside diameter of the water closet floor flange.  The upturned 
portion of the sheet fitted into the floor flange shall be sealed.

3.1.5.4   Optional Counterflashing

Instead of turning the flashing down into a dry vent pipe, or caulking and 
sealing the annular space between the pipe and flashing or 
metal-jacket-covered insulation and flashing, counterflashing may be 
accomplished by utilizing the following:

a.  A standard roof coupling for threaded pipe up to 150 mm (6 inches) 
in diameter.

b.  A tack-welded or banded-metal rain shield around the pipe.

3.1.5.5   Pipe Penetrations of Slab on Grade Floors

Where pipes, fixture drains, floor drains, cleanouts or similar items 
penetrate slab on grade floors, except at penetrations of floors with 
waterproofing membrane as specified in paragraphs Flashing Requirements and 
Waterproofing, a groove 6 to 13 mm wide by 6 to 10 mm deep shall be formed 
around the pipe, fitting or drain.  The groove shall be filled with a 
sealant as specified in Section 07900 JOINT SEALING.

3.1.6   Supports

3.1.6.1   General

Pipe anchors shall be installed to keep pipes in accurate alignment, to 
direct the expansion movement, and to prevent buckling, swaying, and undue 
strain.

3.1.7   Pipe Cleanouts

Pipe cleanouts shall be the same size as the pipe except that cleanout 
plugs larger than 100 mm (4 inches) will not be required.  A cleanout 
installed in connection with cast-iron soil pipe shall consist of a 
long-sweep 1/4 bend or one or two 1/8 bends extended to the place shown.  
An extra-heavy cast-brass or cast-iron ferrule with countersunk cast-brass 
head screw plug shall be caulked into the hub of the fitting and shall be 
flush with the floor.  Round access covers shall be provided and secured to 
plugs with securing screw.  Square access covers may be provided with 
matching frames, anchoring lugs and cover screws.  Cleanouts in finished 
walls shall have access covers and frames installed flush with the finished 
wall.  Cleanouts installed in finished floors subject to foot traffic shall 
be provided with a chrome-plated cast brass, nickel brass, or nickel bronze 
cover secured to the plug or cover frame and set flush with the finished 
floor.  Heads of fastening screws shall not project above the cover surface.
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3.2   FIXTURES AND FIXTURE TRIMMINGS

Angle stops, straight stops, stops integral with the faucets, or concealed 
type of lock-shield, and loose-key pattern stops for supplies with 
threaded, sweat or solvent weld inlets shall be furnished and installed 
with fixtures.  Where connections between copper tubing and faucets are 
made by rubber compression fittings, a beading tool shall be used to 
mechanically deform the tubing above the compression fitting.  Exposed 
traps and supply pipes for fixtures and equipment shall be connected to the 
rough piping systems at the wall, unless otherwise specified under the 
item.  Floor and wall escutcheons shall be as specified.  Drain lines for 
handicapped personnel shall be insulated and do not require polished chrome 
finish.  Plumbing fixtures and accessories shall be installed within the 
space shown.

3.2.1   Fixture Connections

Where space limitations prohibit standard fittings in conjunction with the 
cast-iron floor flange, special short-radius fittings shall be provided. 
Connections between earthenware fixtures and flanges on soil pipe shall be 
made gastight and watertight with a closet-setting compound or neoprene 
gasket and seal.  Use of natural rubber gaskets or putty will not be 
permitted.  Fixtures with outlet flanges shall be set the proper distance 
from floor or wall to make a first-class joint with the closet-setting 
compound or gasket and fixture used.

3.2.2   Height of Fixture Rims Above Floor

Lavatories shall be mounted with rim 775 mm above finished floor.  
Installation of fixtures for use by the physically handicapped shall be in 
accordance with CABO A117.1.

3.2.3   Fixture Supports

Fixture supports for off-the-floor lavatories and other fixtures of similar 
size, design, and use, shall be of the chair-carrier type.  The carrier 
shall provide the necessary means of mounting the fixture, with a foot or 
feet to anchor the assembly to the floor slab.  Adjustability shall be 
provided to locate the fixture at the desired height and in proper relation 
to the wall.  Support plates, in lieu of chair carrier, shall be fastened 
to the wall structure only where it is not possible to anchor a floor- 
mounted chair carrier to the floor slab.

3.2.3.1   Support for Solid Masonry Construction

Chair carrier shall be anchored to the floor slab.  Where a floor-anchored 
chair carrier cannot be used, a suitable wall plate shall be imbedded in 
the masonry wall.

3.2.3.2   Support for Steel Stud Frame Partitions

Chair carrier shall be used.  The anchor feet and tubular uprights shall be 
of the heavy duty design; and feet (bases) shall be steel and welded to a 
square or rectangular steel tube upright.  Wall plates, in lieu of 
floor-anchored chair carriers, shall be used only if adjoining steel 
partition studs are suitably reinforced to support a wall plate bolted to 
these studs.

3.2.4   Access Panels
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Access panels shall be provided for concealed valves and controls, or any 
item requiring inspection or maintenance.  Access panels shall be of 
sufficient size and located so that the concealed items may be serviced, 
maintained, or replaced.  Access panels shall be as specified in Section 
05500 MISCELLANEOUS METAL.

3.2.5   Traps

Each trap shall be placed as near the fixture as possible, and no fixture 
shall be double-trapped.  Traps installed on cast-iron soil pipe shall be 
cast iron.

3.3   ESCUTCHEONS

Escutcheons shall be provided at finished surfaces where bare or insulated 
piping, exposed to view, passes through walls.  Escutcheons shall be 
fastened securely to pipe or pipe covering and shall be satin-finish, 
corrosion-resisting steel, polished chromium-plated zinc alloy, or polished 
chromium-plated copper alloy.  Escutcheons shall be either one-piece or 
split-pattern, held in place by internal spring tension or setscrew.

3.4   PAINTING

Painting of pipes, hangers, supports, and other iron work, either in 
concealed spaces or exposed spaces, is specified in Section 09900 PAINTING, 
GENERAL.

3.5   TESTS, FLUSHING AND DISINFECTION

3.5.1   Plumbing System

The following tests shall be performed on the plumbing system in accordance 
with NAPHCC Plumbing Code.

a.  Drainage and Vent Systems Tests.

b.  Building Sewers Tests.

c.  Water Supply Systems Tests.

 3.5.2   Defective Work

If inspection or test shows defects, such defective work or material shall 
be replaced or repaired as necessary and inspection and tests shall be 
repeated.  Repairs to piping shall be made with new materials.  Caulking of 
screwed joints or holes will not be acceptable.

3.5.3   System Flushing

Before operational tests or disinfection, potable water piping system shall 
be flushed with potable water.  In general, sufficient water shall be used 
to produce a minimum water velocity of 0.762 meters per second (2.5 feet 
per second) through piping being flushed.  Flushing shall be continued 
until entrained dirt and other foreign materials have been removed and 
until discharge water shows no discoloration.  System shall be drained at 
low points.  Strainer screens shall be removed, cleaned, and replaced.  
After flushing and cleaning, systems shall be prepared for testing by 
immediately filling water piping with clean, fresh potable water.  Any 
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stoppage, discoloration, or other damage to the finish, furnishings, or 
parts of the building due to the Contractor's failure to properly clean the 
piping system shall be repaired by the Contractor.  Flushing devices shall 
be adjusted for proper operation.

3.5.4   Operational Test

Upon completion of flushing and prior to disinfection procedures,  the 
Contractor shall subject the plumbing system to operating tests to 
demonstrate satisfactory functional and operational efficiency.  Such 
operating tests shall cover a period of not less than 8 hours for each 
system and shall include the following information in a report with 
conclusion as to the adequacy of the system:

a.  Time, date, and duration of test.

b.  Water pressures at the most remote and the highest fixtures.

c.  Operation of each fixture and fixture trim.

d.  Operation of each valve and faucet.

e.  Operation of each floor drain by flooding with water.

3.5.5   Disinfection

After operational tests are complete, the entire cold-water distribution 
system shall be disinfected.  System shall be flushed as specified, before 
introducing chlorinating material.  The chlorinating material shall be 
hypochlorites or liquid chlorine.  Water chlorination procedure shall be in 
accordance with AWWA M20.  The chlorinating material shall be fed into the 
water piping system at a constant rate at a concentration of at least 50 
parts per million (ppm).  A properly adjusted hypochlorite solution 
injected into the main with a hypochlorinator, or liquid chlorine injected 
into the main through a solution-feed chlorinator and booster pump, shall 
be used.  The chlorine residual shall be checked at intervals to ensure 
that the proper level is maintained.  Chlorine application shall continue 
until the entire main is filled.  The water shall remain in the system for 
a minimum of 24 hours.  Each valve in the system being disinfected shall be 
opened and closed several times during the contact period to ensure its 
proper disinfection.  Following the 24-hour period, no less than 25 ppm 
chlorine residual shall remain in the system.  Water tanks shall be 
disinfected by the addition of chlorine directly to the filling water.  
Following a 6 hour period, no less than 50 ppm chlorine residual shall 
remain in the tank.  If after the 24 hour and 6 hour holding periods, the 
residual solution contains less than 25 ppm and 50 ppm chlorine 
respectively, flush the piping and tank with potable water, and repeat the 
above procedures until the required residual chlorine levels are satisfied. 
The system including the tanks shall then be flushed with clean water until 
the residual chlorine level is reduced to less than one part per million.  
During the flushing period each valve and faucet shall be opened and closed 
several times.  Samples of water in disinfected containers shall be 
obtained from several locations selected by the Contracting Officer.  The 
samples of water shall be tested for total coliform organisms (coliform 
bacteria, fecal coliform, streptococcal, and other bacteria) in accordance 
with AWWA EWW.  The testing method used shall be either the multiple-tube 
fermentation technique or the membrane-filter technique.  Disinfection 
shall be repeated until tests indicate the absence of coliform organisms 
(zero mean coliform density per 100 milliliters) in the samples for at 
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least 2 full days.  The system will not be accepted until satisfactory 
bacteriological results have been obtained.

3.6   PLUMBING FIXTURE SCHEDULE

P-1  WATER CLOSET, HANDICAPPED:

Siphon-jet, elongated bowl, top supply spud, ASME A112.19.2M, floor 
mounted.  Floor flange shall be copper alloy, cast iron, or plastic.  
Height of top rim of bowl shall be in accordance with CABO A117.1. 

Gasket shall be wax type.

Seat - IAPMO Z124.5, Type A, black plastic, elongated, open front.

Flush Tank - An adequate quantity of water shall be provided to flush and 
clean the fixture served.  The water supply to flush tanks equipped for 
manual flushing shall be controlled by a float valve or other automatic 
device designed to refill the tank after each discharge, and to completely 
shut off the water flow to the tank when the tank is filled to operational 
capacity.  Water closets having their flush valve seat located below the 
flood level rim of the closet bowl shall have a ballcock installed within a 
sheath or in a separate and isolated compartment of the tank, both to have 
visible discharge onto the floor in case of failure.  Provision shall be 
made to automatically supply water to the fixture so as to refill the trap 
seal after each flushing.  The water supply to flush tanks equipped for 
automatic flushing shall be controlled by a suitable timing device.  
Ballcocks shall meet ASSE 1002.

P-2  WHEELCHAIR LAVATORY:

Vitreous china, ASME A112.19.2M, wheelchair lavatory with wrist or elbow 
controls 508.0 mm wide x 685.8 mm deep (20 inches wide x 27 inches deep)  
with gooseneck spout.  Flow shall be limited to 1 liter  per cycle at a 
flowing water pressure of 549 kPa  if a metering device or fitting is used 
that limits the period of water discharge such as foot switch or fixture 
occupancy sensor.  If a metering device is not used, the flow shall be 
limited to 0.16 liters per second  at a flowing water pressure of 549 kPa. 

Drain - Strainer shall be copper alloy or stainless steel.
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3.7   TABLES
TABLE I

PIPE AND FITTING MATERIALS FOR
DRAINAGE, WASTE, AND VENT PIPING SYSTEMS

--------------------------------------------------------------------------
                                                               SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials                        A    B    C    D
--------------------------------------------------------------------------

   1  Cast iron soil pipe and fittings, hub               X         X
      and spigot, ASTM A 74 with compression
      gaskets

   2  Cast iron soil pipe and fittings hubless,                X         X
      CISPI 301 and ASTM A 888

   SERVICE:

   A - Underground Building Soil, Waste and Storm Drain
   B - Aboveground Soil, Waste, Drain In Buildings
   C - Underground Vent
   D - Aboveground Vent

TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                          SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials                   A           B
--------------------------------------------------------------------------

   1   Seamless copper water tube,                     X**         X***
       ASTM B 88, ASTM B 88M

   2   Cast bronze threaded fittings,                  X           X
       ASME B16.15

   3   Wrought copper and bronze solder-joint          X           X
       pressure fittings, ASME B16.22

   4   Cast copper alloy solder-joint                  X           X
       pressure fittings, ASME B16.18

   5   Fittings: brass or bronze;                      X
       ASME B16.15, ASME B16.18,
       and ASTM B 828

   A - Cold Water Aboveground
   B - Cold Water Service Belowground
   Indicated types are minimum wall thicknesses.
   **  - Type L - Hard
   *** - Type K - Hard temper with brazed joints only or type K-soft
           temper without joints in or under floors

        -- End of Section --
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SECTION 15895

AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AIR CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

ARI Guideline D (1996) Application and Installation of 
Central Station Air-Handling Units

AIR MOVEMENT AND CONTROL ASSOCIATION (AMCA)

AMCA 210 (1985) Laboratory Methods of Testing Fans 
for Rating

AMCA 300 (1996) Reverberant Room Method for Sound 
Testing of Fans

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 924/A 924M (1999) General Requirements for Steel 
Sheet, Metallic-Coated by the Hot-Dip 
Process

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM D 520 (1984; R 1995el) Zinc Dust Pigment

ASTM D 1654 (1992) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASTM D 3359 (1997) Measuring Adhesion by Tape Test

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (1998) Motors and Generators 

1.2   COORDINATION OF TRADES

Ductwork, piping offsets, fittings, and accessories shall be furnished as 
required to provide a complete installation and to eliminate interference 
with other construction.
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1.3   DELIVERY AND STORAGE

Equipment delivered and placed in storage shall be stored with protection 
from the weather, humidity and temperature variations, dirt and dust, or 
other contaminants.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Drawings
Installation

  Drawings shall consist of equipment layout including assembly 
and installation details and electrical connection diagrams.  
Drawings shall include any information required to demonstrate 
that the system has been coordinated and will properly function as 
a unit and shall show equipment relationship to other parts of the 
work, including clearances required for operation and maintenance.

SD-03 Product Data

Components and Equipment

  Manufacturer's catalog data shall be included with the detail 
drawings for the following items.  The data shall be highlighted 
to show model, size, options, etc., that are intended for 
consideration.  Data shall be adequate to demonstrate compliance 
with contract requirements for the following:  Exhaust fan.

SD-06 Test Reports

Performance Tests

  Test report for the exhaust fan.  Report shall document final 
test results.

SD-10 Operation and Maintenance Data

Operating and Maintenance Instructions

  Six manuals listing step-by-step procedures required for system 
startup, operation, shutdown, and routine maintenance.  The 
manuals shall include the manufacturer's name, model number, parts 
list, list of parts and tools that should be kept in stock by the 
owner for routine maintenance including the name of a local 
supplier, simplified wiring and controls diagrams, troubleshooting 
guide, and recommended local service organization (including 
address and telephone number) for each item of equipment.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS
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Components and equipment shall be standard products of a manufacturer 
regularly engaged in the manufacturing of products that are of a similar 
material, design and workmanship.  The standard products shall have been in 
satisfactory commercial or industrial use for 2 years before bid opening.  
The 2-year experience shall include applications of components and 
equipment under similar circumstances and of similar size.  The 2 years 
must be satisfactorily completed by a product which has been sold or is 
offered for sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures.  Products having less than a 2-year 
field service record will be acceptable if a certified record of 
satisfactory field operation, for not less than 6000 hours exclusive of the 
manufacturer's factory tests, can be shown.  The equipment items shall be 
supported by a local service organization.

2.2   ASBESTOS PROHIBITION

Asbestos and asbestos-containing products shall not be used.

2.3   NAMEPLATES

Equipment shall have a nameplate that identifies the manufacturer's name, 
address, type or style, model or serial number, and catalog number.

2.4   EQUIPMENT GUARDS AND ACCESS

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and 
other rotating parts exposed to personnel contact shall be fully enclosed 
or guarded according to OSHA requirements.

2.5   ELECTRICAL WORK

Electrical motor-driven equipment specified shall be provided complete with 
motor, motor starter, and controls.  Unless otherwise specified, electric 
equipment, including wiring and motor efficiencies, shall be according to 
Section 16415 ELECTRICAL WORK, INTERIOR.  Electrical characteristics and 
enclosure type shall be as shown.  Unless otherwise indicated, motors of 
745 W  and above shall be high efficiency type.  Motor starters shall be 
provided complete with thermal overload protection and other appurtenances 
necessary.  Each motor shall be according to NEMA MG 1 and shall be of 
sufficient size to drive the equipment at the specified capacity without 
exceeding the nameplate rating of the motor.  Manual or automatic control 
and protective or signal devices required for the operation specified, and 
any control wiring required for controls and devices, but not shown, shall 
be provided.

2.6   CONTROLS

Interlock fan starter with light switch.

2.7   AIR SYSTEMS EQUIPMENT

2.7.1   Fans

Fans shall be tested and rated according to AMCA 210.  Fans may be 
connected to the motors either directly or indirectly with V-belt drive.  
V-belt drives shall be designed for not less than 150 percent of the 
connected driving capacity.  Motor sheaves shall be variable pitch for 11 
kW (15 hp) and below and fixed pitch as defined by ARI Guideline D.  
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Variable pitch sheaves shall be selected to drive the fan at a speed which 
will produce the specified capacity when set at the approximate midpoint of 
the sheave adjustment.  When fixed pitch sheaves are furnished, a 
replaceable sheave shall be provided when needed to achieve system air 
balance.  Motors for V-belt drives shall be provided with adjustable rails 
or bases.  Removable metal guards shall be provided for all exposed V-belt 
drives, and speed-test openings shall be provided at the center of all 
rotating shafts.  Fans shall be provided with personnel screens or guards 
on both suction and supply ends, except that the screens need not be 
provided, unless otherwise indicated.  Fan and motor assemblies shall be 
provided with vibration-isolation supports or mountings as indicated.  
Vibration-isolation units shall be standard products with published loading 
ratings.  Each fan shall be selected to produce the capacity required at 
the fan static pressure indicated.  Sound power level shall be as 
indicated.  The sound power level values shall be obtained according to 
AMCA 300.  Standard AMCA arrangement, rotation, and discharge shall be as 
indicated.

2.7.1.1   Panel Type Power Wall Ventilators

Fans shall be propeller type, assembled on a reinforced metal panel with 
venturi opening spun into panel.  Fans with wheels less than 600 mm (24 
inches) diameter shall be direct or V-belt driven.  Fans shall be furnished 
with wall mounting collar.  Lubricated bearings shall be provided.  Fans 
shall be fitted with wheel and motor side metal or wire guards which have a 
corrosion-resistant finish.  Motor enclosure shall be dripproof type.

2.8   LOUVERS

Unless specified elsewhere, exhaust louver shall be the manufacturer's 
standard design and provided with 13 mm mesh bird screen.  Provide with 
gasketed or fully caulked flanged exterior fastened to wall.  Finish shall 
match building exterior and shall be coated with an epoxy based finish.  
Door louver shall be privacy type with mounting flanges on both sides of 
the louver to facilitate installation in door.  Finish shall match door 
color.

2.9   FACTORY PAINTING

Units which are not of galvanized construction according to ASTM A 123/A 
123M or ASTM A 924/A 924M shall be factory painted with a corrosion 
resisting paint finish.  Internal and external ferrous metal surfaces shall 
be cleaned, phosphatized and coated with a paint finish which has been 
tested according to ASTM B 117, ASTM D 1654, and ASTM D 3359.  Evidence of 
satisfactory paint performance for a minimum of 125 hours for units to be 
installed indoors and 500 hours for units to be installed outdoors shall be 
submitted.  Rating of failure at the scribe mark shall be not less than 6, 
average creepage not greater than 3 mm.  Rating of the inscribed area shall 
not be less than 10, no failure.  On units constructed of galvanized steel 
which have been welded, exterior surfaces of welds or welds that have 
burned through from the interior shall receive a final shop docket of 
zinc-rich protective paint according to ASTM D 520 Type I.

PART 3   EXECUTION

3.1   INSTALLATION

Work shall be installed as shown and according to the manufacturer's 
diagrams and recommendations.
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3.1.1   Equipment and Installation

Provide shop drawings detailing frames and supports to be provided for 
fans.  The method of anchoring and fastening shall be as detailed.

3.2   CLEANING AND ADJUSTING

Equipment shall be wiped clean, with traces of oil, dust, dirt, or paint 
spots removed.  System shall be maintained in clean condition until final 
acceptance.  Bearings shall be properly lubricated with oil or grease as 
recommended by the manufacturer.  Belts shall be tightened to proper 
tension.  Fans shall be adjusted to the speed indicated by the manufacturer 
to meet specified conditions.

3.3   PERFORMANCE TESTS

Test fan to ensure minimum specified air flow rate is satisfied.

3.4   OPERATING AND MAINTENANCE INSTRUCTIONS

Provide operating and maintenance instructions.

        -- End of Section --
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SECTION 16403

PANELBOARDS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 187 (1994) Copper Bar, Bus Bar, Rod and Shapes

ASME INTERNATIONAL (ASME)

ASME B1.1 (1989) Unified Inch Screw Threads (UN and 
UNR Thread Form)

ASME B1.20.1 (1983; R 1992) Pipe Threads, General 
Purpose (Inch)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and 
Molded Case Switches

NEMA PB 1 (1990) Panelboards

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 44 (1991; Rev thru Jan 1995) Rubber- 
Insulated Wires and Cables

UL 50 (1992) Enclosures for Electrical Equipment

UL 67 (1993; Rev thru May 1994) Panelboards

UL 489 (1991; Rev thru Dec 1994) Molded Case 
Circuit Breakers and Circuit Breaker 
Enclosures

UL 1063 (1993; Rev thru Oct 1994) Machine-Tool 
Wires and Cables

1.2   SYSTEM DESCRIPTION

These specifications include the design, fabrication, assembly, wiring, 
testing, and delivery of the items of equipment and accessories and spare 
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parts listed in the Schedule and shown on the drawings.

1.2.1   Rules

The equipment shall conform to the requirements of NFPA 70 unless more 
stringent requirements are indicated herein or shown.  NEMA rated and UL 
listed equipment has been specified when available.  Equipment must meet 
NEMA and UL construction and rating requirements as specified.  No 
equivalent will be acceptable.  The contractor shall immediately notify the 
Contracting Officer of any requirements of the specifications or contractor 
proposed materials or assemblies that do not comply with UL or NEMA.  
International Electrotechnical Commission (IEC) rated equipment will not be 
considered an acceptable alternative to specified NEMA ratings.

1.2.2   Coordination

The general arrangement of the motor control centers, switchboards and 
panelboards is shown on the contract drawings.  Any modifications of the 
equipment arrangement or device requirements as shown on the drawings shall 
be subject to the approval of the Contracting Officer.  If any conflicts 
occur necessitating departures from the drawings, details of and reasons 
for departures shall be submitted and approved prior to implementing any 
change.  All equipment shall be completely assembled at the factory.  The 
motor control centers and switchboards may be disassembled into sections, 
if necessary, for convenience of handling, shipping, and installation.

1.2.3   Standard Products

Material and equipment shall be standard products of a manufacturer 
regularly engaged in their manufacture and shall essentially duplicate 
items that have been in satisfactory use for at least 2 years prior to bid 
opening.  All materials shall conform to the requirements of these 
specifications.  Materials shall be of high quality, free from defects and 
imperfections, of recent manufacture, and of the classification and grades 
designated.  All materials, supplies, and articles not manufactured by the 
Contractor shall be the products of other recognized reputable 
manufacturers.  If the Contractor desires for any reason to deviate from 
the standards designated in these specifications, he shall, after award, 
submit a statement of the exact nature of the deviation, and shall submit, 
for the approval of the Contracting Officer, complete specifications for 
the materials which he proposes to use.

1.2.4   Nameplates

Nameplates shall be made of laminated sheet plastic or of anodized aluminum 
approximately 4 millimeters (1/8 inch) thick, engraved to provide white 
letters on a black background.  The nameplates shall be fastened to the 
panels in proper positions with anodized round-head screws.  Lettering 
shall be minimum 15 millimeters (1/2 inch) high.  Nameplate designations 
shall be in accordance with lists on the drawings, and as a minimum shall 
be provided for the following equipment:

a.  Panelboards

Equipment of the withdrawal type shall be provided with nameplates mounted 
on the removable equipment in locations visible when the equipment is in 
place.

1.3   SUBMITTALS
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Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Shop Drawings.

The Contractor shall, within 30 calendar days after date of award submit 
for the approval of the Contracting Officer six (6) copies of outline 
drawings of all equipment to be furnished under this contract, together 
with weights and overall dimensions.  Drawings shall show the general 
arrangement and overall dimensions of the panelboards.  These drawings 
shall show space requirements, details of any floor supports to be embedded 
in concrete and provisions for conduits for external cables.

Panelboards

The Contractor shall, within 30 calendar days after date of award submit 
for the approval of the Contracting Officer six (6) copies of electrical 
equipment drawings.  A single-line diagram, equipment list and nameplate 
schedule shall be provided for each panelboard.

SD-03 Product Data

Equipment

The Contractor shall within 30 calendar days after date of award submit for 
approval six (6) copies of such descriptive cuts and information as are 
required to demonstrate fully that all parts of the equipment will conform 
to the requirements and intent of the specifications.  Data shall include 
descriptive data showing typical construction of the types of equipment 
proposed, including the manufacturer's name, type of molded case circuit 
breakers or motor circuit protectors, performance capacities and other 
information pertaining to the equipment.  

Factory Tests.

 The Contractor shall submit, within a minimum of 14 days prior to the 
proposed date of tests, six (6) copies of manufacturer's routine factory 
test procedures and production line tests for all motor control centers and 
switchboards.

1.4   DELIVERY, STORAGE, AND HANDLING

The equipment shall be shipped as completely assembled and wired as 
feasible so as to require a minimum of installation work.  Each shipping 
section shall be properly match marked to facilitate reassembly, and shall 
be provided with removable lifting channels with eye bolts for attachment 
of crane slings to facilitate lifting and handling.  Any relay or other 
device which cannot withstand the hazards of shipment when mounted in place 
on the equipment shall be carefully packed and shipped separately.  These 
devices shall be marked with the number of the panel which they are to be 
mounted on and fully identified.  All finished painted surfaces and metal 
work shall be wrapped suitably or otherwise protected from damage during 
shipment.  All parts shall be prepared for shipment so that slings for 
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handling may be attached readily while the parts are in a railway car or 
transport truck.  All spare parts and accessories shall be carefully 
packaged and clearly marked.

1.5   MAINTENANCE

1.5.1   Accessories and Tools

A complete set of accessories and special tools unique to equipment 
provided and required for erecting, handling, dismantling, testing and 
maintaining the apparatus shall be furnished by the Contractor.

PART 2   PRODUCTS

2.1   CONNECTIONS

All bolts, studs, machine screws, nuts, and tapped holes shall be in 
accordance with ASME B1.1.  The sizes and threads of all conduit and 
fittings, tubing and fittings, and connecting equipment shall be in 
accordance with ASME B1.20.1.  All ferrous fasteners shall have 
rust-resistant finish and all bolts and screws shall be equipped with 
approved locking devices.  Manufacturer's standard threads and construction 
may be used on small items which, in the opinion of the Contracting 
Officer, are integrally replaceable, except that threads for external 
connections to these items shall meet the above requirements.

2.2   MOLDED CASE CIRCUIT BREAKERS

Molded case circuit breakers shall conform to the applicable requirements 
of NEMA AB 1 and UL 489.  The circuit breakers shall be manually-operated, 
shall be quick-make, quick-break, common trip type, and shall be of 
automatic-trip type unless otherwise specified or indicated on the 
drawings.  All poles of each breaker shall be operated simultaneously by 
means of a common handle.  The operating handles shall clearly indicate 
whether the breakers are in "On," "Off," or "Tripped" position and shall 
have provisions for padlocking in the "Off" position.  Personnel safety 
line terminal shields shall be provided for each breaker.  The circuit 
breakers shall be products of only one manufacturer, and shall be 
interchangeable when of the same frame size.  

2.2.1   Trip Units

Except as otherwise noted, the circuit breakers, of frame sizes and the 
trip unit ratings as shown on the drawings, shall be provided with 
combination thermal and instantaneous magnetic or solid state trip units.  
The Government reserves the right to change the indicated trip ratings, 
within frame limits, of the trip devices at the time the shop drawings are 
submitted for approval.  The breaker trip units shall be interchangeable 
and the instantaneous magnetic trip units shall be adjustable on frame 
sizes larger than 150 amperes.  Nonadjustable instantaneous magnetic trip 
units shall be set at approximately 10 times the continuous current ratings 
of the circuit breakers.  

2.2.2   120/240-Volt AC Circuits

Circuit breakers for 120-volt ac circuits shall be rated not less than 
120/240 or 240 volts ac, and shall have a UL listed minimum interrupting 
capacity of 10,000 symmetrical amperes.
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2.3   WIRING

All control wire shall be stranded tinned copper switchboard wire with 
600-volt flame-retardant insulation Type SIS meeting UL 44 or Type MTW 
meeting UL 1063, and shall pass the VW-1 flame tests included in those 
standards.  Hinge wire shall have Class K stranding.  Current transformer 
secondary leads shall be not smaller than No. 10 AWG.  The minimum size of 
control wire shall be No. 14 AWG.  Power wiring for 480-volt circuits and 
below shall be of the same type as control wiring and the minimum size 
shall be No. 12 AWG.  Special attention shall be given to wiring and 
terminal arrangement on the terminal blocks to permit the individual 
conductors of each external cable to be terminated on adjacent terminal 
points.

2.4   PANELBOARDS

Panelboards shall consist of assemblies of molded-case circuit breakers 
with buses and terminal lugs for the control and protection of branch 
circuits to motors, heating devices and other equipment operating at 480 
volts ac or less.  Panelboards shall be UL 67 labeled.  "Loadcenter" type 
panels are not acceptable.  Panelboards shall be designed for installation 
in surface-mounted or flush-mounted cabinets accessible from the front 
only, as shown on the drawings.  Panelboards shall be fully rated for a 
short-circuit current of 14,000 symmetrical amperes RMS ac.

2.4.1   Enclosure

Enclosures shall meet the requirements of UL 50.  All cabinets shall be 
fabricated from sheet steel of not less than 3.5 millimeters (No. 10 gage) 
if flush-mounted or mounted outdoors, and not less than 2.7 millimeters 
(No. 12 gage) if surface-mounted indoors, with full seam-welded box ends.  
Cabinets mounted outdoors or flush-mounted shall be hot-dipped galvanized 
after fabrication.  Cabinets shall be painted in accordance with paragraph 
PAINTING.  Outdoor cabinets shall be of NEMA 3R raintight and conduit hubs 
welded to the cabinet a removable steel plate 7 millimeters (1/4 inch) 
thick in the bottom for field drilling for conduit connections.  Front 
edges of cabinets shall be form-flanged or fitted with structural shapes 
welded or riveted to the sheet steel, for supporting the panelboard front.  
All cabinets shall be so fabricated that no part of any surface on the 
finished cabinet shall deviate from a true plane by more than 3 millimeters 
(1/8 inch).  Holes shall be provided in the back of indoor surface-mounted 
cabinets, with outside spacers and inside stiffeners, for mounting the 
cabinets with a 15 millimeter (1/2 inch) clear space between the back of 
the cabinet and the wall surface.  Flush doors shall be mounted on hinges 
that expose only the hinge roll to view when the door is closed.  Each door 
shall be fitted with a combined catch and lock, except that doors over 600 
millimeters (24 inches) long shall be provided with a three-point latch 
having a knob with a T-handle, and a cylinder lock.  Two keys shall be 
provided with each lock, and all locks shall be keyed alike.  Finished-head 
cap screws shall be provided for mounting the panelboard fronts on the 
cabinets.  Enclosure shall have nameplates in accordance with paragraph 
NAMEPLATES.  Directory holders, containing a neatly typed or printed 
directory under a transparent cover, shall be provided on the inside of 
panelboard doors.

2.4.2   Buses

All panelboards shall be of the dead-front type with buses and circuit 
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breakers mounted on a plate or base for installation as a unit in a 
cabinet.  All buses shall be of copper.  Copper bars and shapes for bus 
conductors shall conform to the applicable requirements of ASTM B 187.  The 
sizes of buses and the details of panelboard construction shall meet or 
exceed the requirements of NEMA PB 1. Suitable provisions shall be made for 
mounting the bus within panelboards and adjusting their positions in the 
cabinets.  Terminal lugs required to accommodate the conductor sizes shown 
on the drawing, shall be provided for all branch circuits larger than No. 
10 AWG.  A grounding lug suitable for 1/0 AWG wire shall be provided for 
each panelboard.

2.4.3   Components

Each branch circuit, and the main buses where so specified or shown on the 
drawings, shall be equipped with molded-case circuit breakers having 
overcurrent trip ratings as shown on the drawings.  The circuit breakers 
shall be of a type designed for bolted connection to buses in a panelboard 
assembly, and shall meet the requirements of paragraph MOLDED CASE CIRCUIT 
BREAKERS.  Circuit breakers of the same frame size and rating shall be 
interchangeable.  

2.5   PAINTING

Interior and exterior steel surfaces of equipment enclosures shall be 
thoroughly cleaned and then receive a rust-inhibitive phosphatizing or 
equivalent treatment prior to painting.  Exterior surfaces shall be free 
from holes, seams, dents, weld marks, loose scale or other imperfections.  
Interior surfaces shall receive not less than one coat of 
corrosion-resisting paint in accordance with the manufacturer's standard 
practice.  Exterior surfaces shall be primed, filled where necessary, and 
given not less than two coats baked enamel with semigloss finish.  
Equipment located indoors shall be ANSI Light Gray.  All touch-up work 
shall be done with manufacturer's coatings as supplied under paragraph 
SPARE PARTS.

2.6   FACTORY TESTS

Each item of equipment supplied under this contract shall be given the 
manufacturer's routine factory tests and tests as specified below, to 
insure successful operation of all parts of the assemblies.  All tests 
required herein shall be witnessed by the Contracting Officer unless waived 
in writing, and no equipment shall be shipped until it has been approved 
for shipment by the Contracting Officer.  The Contractor shall notify the 
Contracting Officer a minimum of 14 days prior to the proposed date of the 
tests so that arrangements can be made for the Contracting Officer to be 
present at the tests.  The factory test equipment and the test methods used 
shall conform to the applicable NEMA Standards, and shall be subject to the 
approval of the Contracting Officer.  Reports of all witnessed tests shall 
be signed by witnessing representatives of the Contractor and Contracting 
Officer.  The cost of performing all tests shall be borne by the Contractor 
and shall be included in the prices bid in the schedule for equipment.

2.6.1   Panelboards Tests

Each panelboard shall be assembled with cabinet and front to the extent 
necessary to check the fit and provisions for installing all parts in the 
field.  Each panelboard shall be given a dielectric test in accordance with 
NEMA PB 1.  All circuit breakers shall be operated to check mechanical 
adjustments.  All doors and locks shall be checked for door clearances and 
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fits and the performance of lock and latches.

PART 3   EXECUTION (Not Applicable)

       -- End of Section --

SECTION 16403  Page 8



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION TABLE OF CONTENTS

DIVISION 16 - ELECTRICAL

SECTION 16415

ELECTRICAL WORK, INTERIOR

PART 1   GENERAL

  1.1   REFERENCES
  1.2   GENERAL
    1.2.1   Rules
    1.2.2   Coordination
    1.2.3   Special Environments
      1.2.3.1   Weatherproof Locations
    1.2.4   Standard Products
    1.2.5   Nameplates
      1.2.5.1   Identification Nameplates
    1.2.6   As-Built Drawings
  1.3   SUBMITTALS
  1.4   WORKMANSHIP

PART 2   PRODUCTS

  2.1   CABLES AND WIRES
    2.1.1   Equipment Manufacturer Requirements
    2.1.2   Insulation
    2.1.3   Bonding Conductors
  2.2   CIRCUIT BREAKERS
    2.2.1   Molded-Case Circuit Breakers
      2.2.1.1   Construction
      2.2.1.2   Ratings
      2.2.1.3   Cascade System Ratings
      2.2.1.4   Thermal-Magnetic Trip Elements
    2.2.2   Current-Limiting Circuit Breakers
  2.3   CONDUIT AND TUBING
    2.3.1   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)
    2.3.2   Electrical Nonmetallic Tubing (ENT)
    2.3.3   Electrical Plastic Tubing and Conduit
    2.3.4   Flexible Conduit, Steel and Plastic
    2.3.5   Intermediate Metal Conduit
    2.3.6   PVC Coated Rigid Steel Conduit
    2.3.7   Rigid Aluminum Conduit
    2.3.8   Rigid Metal Conduit
    2.3.9   Rigid Plastic Conduit
    2.3.10   Surface Metal Electrical Raceways and Fittings
  2.4   CONDUIT AND DEVICE BOXES AND FITTINGS
    2.4.1   Boxes, Metallic Outlet
    2.4.2   Boxes, Nonmetallic, Outlet and Flush-Device Boxes and Covers
    2.4.3   Boxes, Switch (Enclosed), Surface-Mounted
    2.4.4   Fittings for Conduit and Outlet Boxes
    2.4.5   Fittings, PVC, for Use with Rigid PVC Conduit and Tubing
  2.5   CONDUIT COATINGS PLASTIC RESIN SYSTEM

SECTION 16415  Page 1



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

  2.6   CONNECTORS, WIRE PRESSURE
    2.6.1   For Use With Copper Conductors
  2.7   ELECTRICAL GROUNDING AND BONDING EQUIPMENT
    2.7.1   Ground Rods
  2.8   ENCLOSURES
    2.8.1   Cabinets and Boxes
    2.8.2   Circuit Breaker Enclosures
  2.9   LIGHTING FIXTURES, LAMPS, BALLASTS, EMERGENCY EQUIPMENT, CONTROLS 

AND ACCESSORIES
    2.9.1   Lamps
    2.9.2   Ballasts and Transformers
    2.9.3   Fixtures
    2.9.4   Lampholders, Starters, and Starter Holders
    2.9.5   Ultrasonic, and Passive Infrared Occupancy Sensors
  2.10   MOTORS, AC, FRACTIONAL AND INTEGRAL
    2.10.1   Rating
    2.10.2   Motor Efficiencies
  2.11   PANELBOARDS
  2.12   RECEPTACLES
    2.12.1   Standard Grade
    2.12.2   Ground Fault Interrupters
    2.12.3   NEMA Standard Receptacle Configurations
  2.13   SERVICE ENTRANCE EQUIPMENT
  2.14   SPLICE, CONDUCTOR
  2.15   SNAP SWITCHES
  2.16   TAPES
    2.16.1   Plastic Tape
    2.16.2   Rubber Tape

PART 3   EXECUTION

  3.1   GROUNDING
    3.1.1   Ground Rods
    3.1.2   Grounding Conductors
  3.2   WIRING METHODS
    3.2.1   Conduit and Tubing Systems
      3.2.1.1   Pull Wires
      3.2.1.2   Conduit Stub-Ups
      3.2.1.3   Below Slab-on-Grade or in the Ground
      3.2.1.4   Installing in Slabs Including Slabs on Grade
      3.2.1.5   Changes in Direction of Runs
      3.2.1.6   Supports
      3.2.1.7   Exposed Raceways
      3.2.1.8   Communications Raceways
    3.2.2   Cables and Conductors
      3.2.2.1   Sizing
      3.2.2.2   Use of Aluminum Conductors in Lieu of Copper
      3.2.2.3   Cable Splicing
      3.2.2.4   Conductor Identification and Tagging
  3.3   BOXES AND SUPPORTS
    3.3.1   Box Applications
    3.3.2   Brackets and Fasteners
    3.3.3   Mounting in Walls, Ceilings, or Recessed Locations
    3.3.4   Installation in Overhead Spaces
  3.4   DEVICE PLATES
  3.5   RECEPTACLES
    3.5.1   Single and Duplex, 15 or 20-ampere, 125 volt
    3.5.2   Weatherproof Applications
      3.5.2.1   Damp Locations

SECTION 16415  Page 2



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

      3.5.2.2   Wet Locations
  3.6   WALL SWITCHES
  3.7   SERVICE EQUIPMENT
  3.8   PANELBOARDS AND LOADCENTERS
    3.8.1   Loadcenters
    3.8.2   Panelboards
  3.9   UNDERGROUND SERVICE
  3.12   MOTORS
  3.10   MOTOR-DISCONNECT MEANS
  3.11   LIGHTING FIXTURES, LAMPS AND BALLASTS
    3.11.1   Lamps
    3.11.2   Lighting Fixtures
      3.11.2.1   Accessories
      3.11.2.2   Ceiling Fixtures
    3.11.3   Ballasts
  3.12   EQUIPMENT CONNECTIONS
    3.12.1   Motors and Motor Control
  3.13   CIRCUIT PROTECTIVE DEVICES
  3.14   PAINTING AND FINISHING
  3.15   FIELD TESTING
    3.15.1   Safety
    3.15.2   Ground-Resistance Tests
    3.15.3   Cable Tests
      3.15.3.1   Low Voltage Cable Tests
    3.15.4   Motor Tests
    3.15.5   Circuit Breaker Tests
      3.15.5.1   Circuit Breakers, Low Voltage
  3.16   OPERATING TESTS
  3.17   ACCEPTANCE

-- End of Section Table of Contents --

SECTION 16415  Page 3



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

SECTION 16415

ELECTRICAL WORK, INTERIOR

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C78.1 (1991; C78.1a; R 1996) Fluorescent Lamps - 
Rapid-Start Types - Dimensional and 
Electrical Characteristics

ANSI C78.20 (1995) Electric Lamps - Characteristics of 
Incandescent Lamps A, G, PS, and Similar 
Shapes with E26 Medium Screw Bases

ANSI C78.21 (1995) Physical and Electrical 
Characteristics - Incandescent Lamps - PAR 
and R Shapes

ANSI C78.1350 (1990) 400-Watt, 100-Volt, S51 
Single-Ended High-Pressure Sodium Lamps

ANSI C78.1351 (1989) 250-Watt, 100-Volt S50 Single-Ended 
High-Pressure Sodium Lamps

ANSI C78.1352 (1990) 1000-Watt, 250-Volt, S52 
Single-Ended High-Pressure Sodium Lamps

ANSI C78.1355 (1989) 150-Watt, 55-Volt S55 High-Pressure 
Sodium Lamps

ANSI C78.1375 (1996) 400-Watt, M59 Single-Ended 
Metal-Halide lamps

ANSI C78.1376 (1996) 1000-Watt, M47 Single-Ended 
Metal-Halide Lamps

ANSI C78.2A (1991) 18 & 26- Watt, Compact Fluorescent 
Quad Tube Lamps

ANSI C78.2B (1992) 9 & 13-Watt, Compact Fluorescent 
Quad Tube Lamps

ANSI C80.5 (1995) Rigid Aluminum Conduit

ANSI C82.1 (1997) Specifications for Fluorescent Lamp 
Ballasts
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B 1 (1995) Hard-Drawn Copper Wire

ASTM B 8 (1999) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM D 709 (1992; R 1997) Laminated Thermosetting 
Materials

CODE OF FEDERAL REGULATIONS (CFR)

47 CFR 18 Industrial, Scientific, and Medical 
Equipment

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 1995) Surge Voltages in 
Low-Voltage AC Power Circuits

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and 
Molded Case Switches

NEMA ICS 6 (1993) Industrial Control and Systems, 
Enclosures

NEMA LE 4 (1987) Recessed Luminaires, Ceiling 
Compatibility

NEMA MG 1 (1993; Rev 1; Rev 2; Rev 3; Rev 4) Motors 
and Generators

NEMA OS 1 (1996) Sheet-Steel Outlet Boxes, Device 
Boxes, Covers, and Box Supports

NEMA OS 2 (1986; Errata Aug 1986; R 1991) 
Nonmetallic Outlet Boxes, Device Boxes, 
Covers and Box Supports

NEMA PB 1 (1995) Panelboards

NEMA RN 1 (1989) Polyvinyl-Chloride (PVC) Externally 
Coated Galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

NEMA TC 2 (1990) Electrical Polyvinyl Chloride (PVC) 
Tubing (EPT) and Conduit (EPC-40 and 
EPC-80)

NEMA TC 13 (1993) Electrical Nonmetallic Tubing (ENT)
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NEMA WD 6 (1988) Wiring Devices - Dimensional 
Requirements

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

NFPA 101 (1997; Errata 97-1; TIA 97-1) Life Safety 
Code

UNDERWRITERS LABORATORIES (UL)

UL 1 (1993; Rev thru Jan 1995) Flexible Metal 
Conduit

UL 5 (1996) Surface Metal Raceways and Fittings 

UL 6 (1997) Rigid Metal Conduit

UL 20 (1995; Rev thru Oct 1998) General-Use Snap 
Switches

UL 44 (1997; Rev Mar 1999) Thermoset-Insulated 
Wires and Cables

UL 50 (1995; Rev thru Oct 1997) Enclosures for 
Electrical Equipment

UL 67 (1993; Rev thru Nov 1995) Panelboards

UL 83 (1998) Thermoplastic-Insulated Wires and 
Cables

UL 98 (1994; R thru Jun 1998) Enclosed and 
Dead-Front Switches

UL 360 (1996; Rev thru Oct 1997) Liquid-Tight 
Flexible Steel Conduit

UL 467 (1993; Rev thru Aug 1996) Grounding and 
Bonding Equipment

UL 486A (1997; Rev thru Dec 1998) Wire Connectors 
and Soldering Lugs for Use with Copper 
Conductors

UL 486C (1997; Rev thru Aug 1998) Splicing Wire 
Connectors

UL 486E (1994; Rev thru Feb 1997) Equipment Wiring 
Terminals for Use with Aluminum and/or 
Copper Conductors

UL 489 (1996; Rev thru Dec 1998) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 498 (1996; Rev thru Sep 1998) Attachment Plugs 
and Receptacles
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UL 510 (1994; Rev thru Apr 1998) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 514A (1996; Rev Jul 1998) Metallic Outlet Boxes

UL 514B (1997; Rev Oct 1998) Fittings for Cable 
and Conduit

UL 514C (1996; R Sep 1998) Nonmetallic Outlet 
Boxes, Flush-Device Boxes, and Covers

UL 542 (1994; Rev thru Jul 1998) Lampholders, 
Starters, and Starter Holders for 
Fluorescent Lamps

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 
80 Rigid PVC Conduit

UL 651A (1995; Rev thru Apr 1998) Type EB and A 
Rigid PVC Conduit and HDPE Conduit

UL 797 (1993; Rev thru Mar 1997) Electrical 
Metallic Tubing

UL 844 (1995; Rev thru Aug 1997) Electric 
Lighting Fixtures for Use in Hazardous 
(Classified) Locations

UL 869A (1998) Reference Standard for Service 
Equipment

UL 916 (1998) Energy Management Equipment

UL 943 (1993; Rev thru May 1998)Ground-Fault 
Circuit-Interrupters

UL 1004 (1994; Rev thru Dec 1997) Electric Motors

UL 1242 (1996; Rev Mar 1998) Intermediate Metal 
Conduit

UL 1570 (1995; Rev thru Jun 1997) Fluorescent 
Lighting Fixtures

UL 1571 (1995; Rev thru Jun 1997) Incandescent 
Lighting Fixtures

UL 1660 (1994; Rev Apr 1998) Liquid-Tight Flexible 
Nonmetallic Conduit

UL Elec Const Dir (1998) Electrical Construction Equipment 
Directory

1.2   GENERAL

1.2.1   Rules
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The installation shall conform to the requirements of NFPA 70 and NFPA 101, 
unless more stringent requirements are indicated or shown.

1.2.2   Coordination

The drawings indicate the extent and the general location and arrangement 
of equipment, conduit, and wiring.  The Contractor shall become familiar 
with all details of the work and verify all dimensions in the field so that 
the outlets and equipment shall be properly located and readily accessible. 
 Lighting fixtures, outlets, and other equipment and materials shall be 
carefully coordinated with mechanical or structural features prior to 
installation and positioned according to architectural reflected ceiling 
plans; otherwise, lighting fixtures shall be symmetrically located 
according to the room arrangement when uniform illumination is required, or 
asymmetrically located to suit conditions fixed by design and shown.  
Raceways, junction and outlet boxes, and lighting fixtures shall not be 
supported from sheet metal roof decks.  If any conflicts occur 
necessitating departures from the drawings, details of and reasons for 
departures shall be submitted and approved prior to implementing any 
change.  The Contractor shall coordinate the electrical requirements of the 
mechanical work and provide all power related circuits, wiring, hardware 
and structural support, even if not shown on the drawings.

1.2.3   Special Environments

1.2.3.1   Weatherproof Locations

Wiring, Fixtures, and equipment in designated locations shall conform to 
NFPA 70 requirements for installation in damp or wet locations.

1.2.4   Standard Products

Material and equipment shall be a standard product of a manufacturer 
regularly engaged in the manufacture of the product and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.

1.2.5   Nameplates

1.2.5.1   Identification Nameplates

Major items of electrical equipment and major components shall be 
permanently marked with an identification name to identify the equipment by 
type or function and specific unit number as indicated.  Designation of 
motors shall coincide with their designation in the motor control center or 
panel.  Unless otherwise specified, identification nameplates shall be made 
of laminated plastic in accordance with ASTM D 709 with black outer layers 
and a white core.  Edges shall be chamfered.  Plates shall be fastened with 
black-finished round-head drive screws, except motors, or approved 
nonadhesive metal fasteners.  When the nameplate is to be installed on an 
irregular-shaped object, the Contractor shall devise an approved support 
suitable for the application and ensure the proper installation of the 
supports and nameplates.  In all instances, the nameplate shall be 
installed in a conspicuous location.  At the option of the Contractor, the 
equipment manufacturer's standard embossed nameplate material with black 
paint-filled letters may be furnished in lieu of laminated plastic.  The 
front of each panelboard, motor control center, switchgear, and switchboard 
shall have a nameplate to indicate the phase letter, corresponding color 
and arrangement of the phase conductors.  The following equipment, as a 
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minimum, shall be provided with identification nameplates:

           Minimum 6.4 mm (Minimum 1/4 inch)                        
            High Letters                         

          Panelboards                     
          Equipment Enclosures

Each panel, section, or similar assemblies shall be provided with a 
nameplate in addition to nameplates listed above, which shall be provided 
for individual compartments in the respective assembly, including 
nameplates which identify "future," "spare," and "dedicated" or "equipped 
spaces."

1.2.6   As-Built Drawings

Following the project completion or turnover, within 30 days the Contractor 
shall furnish 2 sets of as-built drawings to the Contracting Officer.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Manufacturer's Catalog.

Data composed of catalog cuts, brochures, circulars, specifications, 
product data, and printed information in sufficient detail and scope to 
verify compliance with the requirements of the contract documents.

Material, Equipment, and Fixture Lists

A complete itemized listing of equipment and materials proposed for 
incorporation into the work.  Each entry shall include an item number, the 
quantity of items proposed, and the name of the manufacturer of each item.

As-Built Drawings.

The as-built drawings shall be a record of the construction as installed.  
The drawings shall include all the information shown on the contract 
drawings, deviations, modifications, and changes from the contract 
drawings, however minor.  The as-built drawings shall be kept at the job 
site and updated daily.  The as-built drawings shall be a full-sized set of 
prints marked to reflect all deviations, changes, and modifications.  The 
as-built drawings shall be complete and show the location, size, 
dimensions, part identification, and other information.  Additional sheets 
may be added.  The as-built drawings shall be jointly inspected for 
accuracy and completeness by the Contractor's quality control 
representative and by the Contracting Officer prior to the submission of 
each monthly pay estimate.  Upon completion of the work, the Contractor 
shall submit three full sized sets of the marked prints to the Contracting 
Officer for approval.  If upon review, the as-built drawings are found to 
contain errors and/or omissions, they will be returned to the Contractor 
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for correction.  The Contractor shall correct and return the as-built 
drawings to the Contracting Officer for approval within ten calendar days 
from the time the drawings are returned to the Contractor.

Onsite Tests.

A detailed description of the Contractor's proposed procedures for on-site 
tests.

SD-06 Test Reports

Field Test Plan.

A detailed description of the Contractor's proposed procedures for onsite 
test submitted 30 days prior to testing the installed system. No field test 
will be performed until the test plan is approved.  The test plan shall 
consist of complete field test procedures including tests to be performed, 
test equipment required, and tolerance limits.

Field Test Reports.

Six copies of the information described below in 216 x 280 mm  8 1/2 x 11 
inch binders having a minimum of 5 rings from which material may readily be 
removed and replaced, including a separate section for each test.  Sections 
shall be separated by heavy plastic dividers with tabs.

     a.  A list of equipment used, with calibration certifications.

     b.  A copy of measurements taken.

     c.  The dates of testing.

     d.  The equipment and values to be verified.

     e.  The conditions specified for the test.

     f.  The test results, signed and dated.

     g.  A description of adjustments made.

     h.  Final position of controls and device settings.

SD-07 Certificates

Materials and Equipment.

The label or listing of the Underwriters Laboratories, Inc., will be 
accepted as evidence that the materials or equipment conform to the 
applicable standards of that agency.  In lieu of this label or listing, a 
statement from a nationally recognized, adequately equipped testing agency 
indicating that the items have been tested in accordance with required 
procedures and that the materials and equipment comply with all contract 
requirements will be accepted.  However, materials and equipment installed 
in hazardous locations must bear the UL label unless the data submitted 
from other testing agency is specifically approved in writing by the 
Contracting Officer.  Items which are required to be listed and labeled in 
accordance with Underwriters Laboratories must be affixed with a UL label 
that states that it is UL listed.  No exceptions or waivers will be granted 
to this requirement.  Materials and equipment will be approved based on the 
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manufacturer's published data.

  For other than equipment and materials specified to conform to 
UL publications, a manufacturer's statement indicating complete 
compliance with the applicable standard of the American Society 
for Testing and Materials, National Electrical Manufacturers 
Association, or other commercial standard, is acceptable.

1.4   WORKMANSHIP

Materials and equipment shall be installed in accordance with NFPA 70, 
recommendations of the manufacturer, and as shown.

PART 2   PRODUCTS

Products shall conform to the respective publications and other 
requirements specified below.  Materials and equipment not listed below 
shall be as specified elsewhere in this section.  Items of the same 
classification shall be identical including equipment, assemblies, parts, 
and components.

2.1   CABLES AND WIRES

Conductors No. 8 AWG and larger diameter shall be stranded.  Conductors No. 
10 AWG and smaller diameter shall be solid, except that conductors for 
remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be 
stranded unless specifically indicated otherwise.  Conductor sizes and 
ampacities shown are based on copper, unless indicated otherwise.  All 
conductors shall be copper. 

2.1.1   Equipment Manufacturer Requirements

When manufacturer's equipment requires copper conductors at the 
terminations or requires copper conductors to be provided between 
components of equipment, provide copper conductors or splices, splice 
boxes, and other work required to meet manufacturer's requirements.

2.1.2   Insulation

Unless indicated otherwise, or required by NFPA 70, power and lighting 
wires shall be 600-volt, Type THWN, THHN, or THW conforming to UL 83 or  
RHW conforming to UL 44, except that grounding wire may be type TW 
conforming to UL 83; remote-control and signal circuits shall be Type TW, 
THW or TF, conforming to UL 83.  Where lighting fixtures require 90-degree 
Centigrade (C) conductors, provide only conductors with 90-degree C 
insulation or better.

2.1.3   Bonding Conductors

ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter; 
ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger 
diameter.

2.2   CIRCUIT BREAKERS

2.2.1   Molded-Case Circuit Breakers

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489.  
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Circuit breakers may be installed in panelboards, switchboards, enclosures, 
motor control centers, or combination motor controllers.

2.2.1.1   Construction

Circuit breakers shall be suitable for mounting and operating in any 
position.  Lug shall be listed for copper conductors only in accordance 
with UL 486E.  Single-pole circuit breakers shall be full module size with 
not more than one pole per module.  Multi-pole circuit breakers shall be of 
the common-trip type having a single operating handle such that an overload 
or short circuit on any one pole will result in all poles opening 
simultaneously.  Sizes of 100 amperes or less may consist of single-pole 
breakers permanently factory assembled into a multi-pole unit having an 
internal, mechanical, nontamperable common-trip mechanism and external 
handle ties.  All circuit breakers shall have a quick-make, quick-break 
overcenter toggle-type mechanism, and the handle mechanism shall be 
trip-free to prevent holding the contacts closed against a short-circuit or 
sustained overload.  All circuit breaker handles shall assume a position 
between "ON" and "OFF" when tripped automatically.  All ratings shall be 
clearly visible.

2.2.1.2   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  The 
interrupting rating of the circuit breakers shall be at least equal to the 
available short-circuit current at the line terminals of the circuit 
breaker and correspond to the UL listed integrated short-circuit current 
rating specified for the panelboards and switchboards.  Molded-case circuit 
breakers shall have nominal voltage ratings, maximum continuous-current 
ratings, and maximum short-circuit interrupting ratings in accordance with 
NEMA AB 1.  Ratings shall be coordinated with system X/R ratio.

2.2.1.3   Cascade System Ratings

Circuit breakers used in series combinations shall be in accordance with UL 
489.  Equipment, such as switchboards and panelboards, which house 
series-connected circuit breakers shall be clearly marked accordingly.  
Series combinations shall be listed in the UL Recognized Component 
Directory under "Circuit Breakers-Series Connected."

2.2.1.4   Thermal-Magnetic Trip Elements

Thermal magnetic circuit breakers shall be provided as shown.  Automatic 
operation shall be obtained by means of thermal-magnetic tripping devices 
located in each pole providing inverse time delay and instantaneous circuit 
protection.  The instantaneous magnetic trip shall be adjustable and 
accessible from the front of all circuit breakers on frame sizes above 150 
amperes.

2.2.2   Current-Limiting Circuit Breakers

Current-limiting circuit breakers shall be provided as shown.  
Current-limiting circuit breakers shall limit the let-through I square 
times t to a value less than the I square times t of one-half cycle of the 
symmetrical short-circuit current waveform.  On fault currents below the 
threshold of limitation, breakers shall provide conventional overload and 
short-circuit protection.  Integrally-fused circuit breakers shall not be 
used.
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2.3   CONDUIT AND TUBING

2.3.1   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797

2.3.2   Electrical Nonmetallic Tubing (ENT)

NEMA TC 13.

2.3.3   Electrical Plastic Tubing and Conduit

NEMA TC 2.

2.3.4   Flexible Conduit, Steel and Plastic

General-purpose type, UL 1; liquid tight, UL 360, and UL 1660.

2.3.5   Intermediate Metal Conduit

UL 1242.

2.3.6   PVC Coated Rigid Steel Conduit

NEMA RN 1.

2.3.7   Rigid Aluminum Conduit

ANSI C80.5 and UL 6.

2.3.8   Rigid Metal Conduit

UL 6.

2.3.9   Rigid Plastic Conduit

NEMA TC 2, UL 651 and UL 651A.

2.3.10   Surface Metal Electrical Raceways and Fittings

UL 5.

2.4   CONDUIT AND DEVICE BOXES AND FITTINGS

2.4.1   Boxes, Metallic Outlet

NEMA OS 1 and UL 514A.

2.4.2   Boxes, Nonmetallic, Outlet and Flush-Device Boxes and Covers

NEMA OS 2 and UL 514C.

2.4.3   Boxes, Switch (Enclosed), Surface-Mounted

UL 98.

2.4.4   Fittings for Conduit and Outlet Boxes

UL 514B.
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2.4.5   Fittings, PVC, for Use with Rigid PVC Conduit and Tubing

UL 514B.

2.5   CONDUIT COATINGS PLASTIC RESIN SYSTEM

NEMA RN 1, Type A-40.

2.6   CONNECTORS, WIRE PRESSURE

2.6.1   For Use With Copper Conductors

UL 486A.

2.7   ELECTRICAL GROUNDING AND BONDING EQUIPMENT

UL 467.

2.7.1   Ground Rods

Ground rods shall be of copper-clad steel conforming to UL 467 not less 
than 19.1 mm (3/4 inch) in diameter by 3.1 meter (10 feet) in length of the 
sectional type driven full length into the earth.

2.8   ENCLOSURES

NEMA ICS 6 unless otherwise specified.

2.8.1   Cabinets and Boxes

Cabinets and boxes with volume greater than 0.0164 cubic meters  100 cubic 
inches shall be in accordance with UL 50, hot-dip, zinc-coated, if sheet 
steel.

2.8.2   Circuit Breaker Enclosures

UL 489.

2.9   LIGHTING FIXTURES, LAMPS, BALLASTS, EMERGENCY EQUIPMENT, CONTROLS AND 
ACCESSORIES

The following specifications are supported and supplemented by information 
and details on the drawings.  Additional fixtures, if shown, shall conform 
to this specification.  Lighting equipment installed in classified 
hazardous locations shall conform to UL 844.  Lamps, lampholders, ballasts, 
transformers, electronic circuitry and other lighting system components 
shall be constructed according to industry standards.  Equipment shall be 
tested and listed by a recognized independent testing laboratory for the 
expected installation conditions.  Equipment shall conform to the standards 
listed below.

2.9.1   Lamps

Lamps shall be constructed to operate in the specified fixture, and shall 
function without derating life or output as listed in published data.  
Lamps shall meet the requirements of the Energy Policy Act of 1992.

a.  Incandescent and tungsten halogen lamps shall be designed for 125 
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volt operation (except for low voltage lamps), shall be rated for 
minimum life of 2,000 hours, and shall have color temperature 
between 2,800 and 3,200 degrees Kelvin.  Tungsten halogen lamps 
shall incorporate quartz capsule construction.  Lamps shall comply 
with ANSI C78.20 and sections 238 and 270 of ANSI C78.21.

b.  Fluorescent lamps shall have color temperature as shown. They 
shall be designed to operate with the ballasts and circuitry of 
the fixtures in which they will be used.  Fluorescent lamps, 
including spares, shall be manufactured by one manufacturer to 
provide for color and performance consistency.  Fluorescent lamps 
shall comply with ANSI C78.1.  Fluorescent tube lamp efficiencies 
shall meet or exceed the following requirements.

            T8, 32 watts               (4' lamp)            2800 lumens
            T12,34 watts               (4' lamp)            2800 lumens

            T8,59 watts                (8' lamp)            5700 lumens
            T12,60 watts               (8' lamp)            5600 lumens

            T8/U,31-32 watts           (U-tube)             2600 lumens
            T12/U,34 watts             (U-tube)             2700 lumens

(1)  Linear fluorescent lamps, unless otherwise indicated, shall 
be 1219 mm  (4 feet) long 32 watt T8, 265 mA, with minimum CRI of 
75.  Lamps of other lengths or types shall be used only where 
specified or shown.  Lamps shall deliver rated life when operated 
on rapid start ballasts. 

(2)  Small compact fluorescent lamps shall be twin, double, or 
triple tube configuration as shown with bi-pin or four-pin snap-in 
base and shall have minimum CRI of 85.  They shall deliver rated 
life when operated on ballasts as shown.  9 and 13 watt double 
tube lamps shall comply with ANSI C78.2B.  18 and 26 watt double 
tube lamps shall comply with ANSI C78.2A.  Minimum starting 
temperature shall be 0 degrees C  (32 degrees F) for twin tube 
lamps and for double and triple twin tube lamps without internal 
starter; and -9 degrees C  (15 degrees F) for double and triple 
twin tube lamps with internal starter.

(3)  Long compact fluorescent lamps shall be 18, 27, 39, 40, 50, 
or 55 watt bi-axial type as shown with four-pin snap-in base; 
shall have minimum CRI of 85; and shall have a minimum starting 
temperature of 10 degrees C ( 50 degrees F).  They shall deliver 
rated life when operated on rapid start start ballasts.

c.  High intensity discharge lamps, including spares, shall be 
manufactured by one manufacturer in order to provide color and 
performance consistency.  High intensity discharge lamps shall be 
designed to operate with the ballasts and circuitry of the 
fixtures in which they will be used and shall have wattage, shape 
and base as shown.  High intensity discharge lamps, unless 
otherwise shown, shall have medium or mogul screw base and minimum 
starting temperature of -29 degrees C  (-20 degrees F).  Metal 
halide lamps, unless otherwise shown, shall have minimum CRI of 
65; color temperature of 4,300 degrees Kelvin; shall be -BU 
configuration if used in base-up position; and shall be -H or high 
output configuration if used in horizontal position.  Lamps shall 
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comply with all applicable ANSI C78.1350, ANSI C78.1351, ANSI 
C78.1352, ANSI C78.1355,ANSI C78.1375, and ANSI C78.1376.

2.9.2   Ballasts and Transformers

Ballasts or transformers shall be designed to operate the designated lamps 
within their optimum specifications, without derating the lamps.  Lamp and 
ballast combinations shall be certified as acceptable by the lamp 
manufacturer.

a.  Low voltage incandescent transformers shall be Class II UL listed 
120/12 volt or 120/24 volt step-down transformers as required for 
the lamps shown.  Transformers shall be high power factor type and 
shall be rated for continuous operation under the specified load.  
Transformers shall be encased or encased and potted, and mounted 
integrally within the lighting fixture unless otherwise shown.

b.  Fluorescent ballasts shall comply with ANSI C82.1 and shall be 
mounted integrally within fluorescent fixture housing unless 
otherwise shown.  Ballasts shall have maximum current crest factor 
of 1.7; high power factor; Class A sound rating; maximum operating 
case temperature of 25 degrees C  (77 degrees F) above ambient; 
and shall be rated Class P.  Unless otherwise indicated, the 
minimum number of ballasts shall be used to serve each individual 
fixture.  A single ballast may be used to serve multiple fixtures 
if they are continuously mounted, identically controlled and 
factory manufactured for that installation with an integral 
wireway.

(1)  Compact fluorescent ballasts shall comply with IEEE C62.41 
Category A transient voltage variation requirements and shall be 
mounted integrally within compact fluorescent fixture housing 
unless otherwise shown.  Ballasts shall have minimum ballast 
factor of 0.95; maximum current crest factor of 1.6; high power 
factor; maximum operating case temperature of 25 degrees C  (77 
degrees F) above ambient; shall be rated Class P; and shall have a 
sound rating of Class A.  Ballasts shall meet FCC Class A 
specifications for EMI/RFI emissions.  Ballasts shall operate from 
nominal line voltage of 120 volts at 60 Hz and maintain constant 
light output over a line voltage variation of + 10%.  Ballasts 
shall have an end-of-lamp-life detection and shut-down circuit.  
Ballasts shall be UL listed and shall contain no PCBs.  Ballasts 
shall contain potting to secure PC board, provide lead strain 
relief, and provide a moisture barrier.

(2)  Electronic fluorescent ballasts shall comply with 47 CFR 18 
for electromagnetic interference.  Ballasts shall withstand line 
transients per IEEE C62.41, Category A.  Ballasts shall have total 
harmonic distortion between 10 and 20%; minimum frequency of 
20,000Hz; filament voltage between 2.5 and 4.5 volts; maximum 
starting inrush current of 20 amperes; and shall comply with the 
minimum Ballast Efficacy Factors shown in the table below.  
Minimum starting temperature shall be 10 degrees C  (50 degrees F) 
shown.  Ballasts shall carry a manufacturer's full warranty of 
three years, including a minimum $10 labor allowance per ballast.
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SECTION 16375

ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only. 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANSI C119.1 (1986) Sealed Insulated Underground 
Connector Systems Rated 600 Volts

ANSI O5.1 (1992) Specifications and Dimensions for 
Wood Poles

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 48 (1994a) Gray Iron Castings

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM B 3 (1995) Soft or Annealed Copper Wire

ASTM B 8 (1993) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM B 496 (1992) Compact Round 
Concentric-Lay-Stranded Copper Conductors

ASTM C 478 (1997) Precast Reinforced Concrete Manhole 
Sections

ASTM C 478M (1997) Precast Reinforced Concrete Manhole 
Sections (Metric)

ASTM D 1654 (1992) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)
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AEIC CS5 (1994) Cross-linked Polyethylene Insulated 
Shielded Power Cables Rated 5 Through 46 kV

AEIC CS6 (1996) Ethylene Propylene Rubber Insulated 
Shielded Power Cables Rated 5 Through 69 kV

FACTORY MUTUAL ENGINEERING AND RESEARCH (FM)

FM P7825a (1998) Approval Guide Fire Protection

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

IEEE Std 48 (1996) Standard Test Procedures and 
Requirements for Alternating-Current Cable 
Terminations 2.5 kV through 765 kV

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)

IEEE Std 100 (1996) IEEE Standard Dictionary of 
Electrical and Electronics Terms

IEEE Std 386 (1995) Separable Insulated Connector 
Systems for Power Distribution Systems 
Above 600V

IEEE Std 404 (1993; errata) Cable Joints for Use with 
Extruded Dielectric Cable Rated 5000 V 
through 138 000 V and Cable Joints for Use 
with Laminated Dielectric Cable Rated 2500 
V Through 500 000 V

IEEE Std 592 (1990; R 1996) Exposed Semiconducting 
Shields on Premolded High Voltage Cable 
Joints and Separable Insulated Connectors

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA FB 1 (1993) Fittings, Cast Metal Boxes and 
Conduit Bodies for Conduit and Cable 
Assemblies

NEMA TC 6 (1990) PVC and ABS Plastic Utilities Duct 
for Underground Installation

NEMA WC 7 (1991; Rev 1) 
Cross-Linked-Thermosetting-Polyethylene- 
Insulated Wire and Cable for the 
Transmission and Distribution of 
Electrical Energy

NEMA WC 8 (1991; Rev 1; Rev 2) 
Ethylene-Propylene-Rubber-Insulated Wire 
and Cable for the Transmission and 
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Distribution of Electrical Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 467 (1993; Rev thru Aug 1996) Grounding and 
Bonding Equipment

UL 486A (1997) Wire Connectors and Soldering Lugs 
for Use with Copper Conductors

UL 486B (1997; Rev Jun 1997) Wire Connectors for 
Use with Aluminum Conductors

UL 510 (1994; Rev thru Nov 1997) Polyvinyl 
Chloride, Polyethylene and Rubber 
Insulating Tape

UL 514A (1996; Rev Jul 1998) Metallic Outlet Boxes

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 
80 Rigid PVC Conduit

UL 1072 (1995; Rev Mar 1998) Medium-Voltage Power 
Cable

UL 1242 (1996; Rev Apr 1997) Intermediate Metal 
Conduit 

1.2   GENERAL REQUIREMENTS

1.2.1   Terminology

Terminology used in this specification is as defined in IEEE Std 100.

1.2.2   Service Conditions

Items provided under this section shall be specifically suitable for the 
following service conditions.  

a..Frequency 60 Hz

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

As-Built Drawings
Electrical Distribution System.
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  Detail drawings consisting of equipment drawings, illustrations, 
schedules, instructions, diagrams manufacturers standard 
installation drawings and other information necessary to define 
the installation and enable the Government to check conformity 
with the requirements of the contract drawings.

  If departures from the contract drawings are deemed necessary by 
the Contractor, complete details of such departures shall be 
included with the detail drawings.  Approved departures shall be 
made at no additional cost to the Government.

  Detail drawings shall show how components are assembled, 
function together and how they will be installed on the project.  
Data and drawings for component parts of an item or system shall 
be coordinated and submitted as a unit.  Data and drawings shall 
be coordinated and included in a single submission.  Multiple 
submissions for the same equipment or system are not acceptable 
except where prior approval has been obtained from the Contracting 
Officer.  In such cases, a list of data to be submitted later 
shall be included with the first submission.  Detail drawings 
shall consist of the following:

  a.  Detail drawings showing physical arrangement, construction 
details, connections, finishes, materials used in fabrication, 
provisions for conduit or busway entrance, access requirements for 
installation and maintenance, physical size, electrical 
characteristics, foundation and support details, and equipment 
weight.  Drawings shall be drawn to scale and/or dimensioned.  All 
optional items shall be clearly identified as included or excluded.

  b.  Internal wiring diagrams of equipment showing wiring as 
actually provided for this project.  External wiring connections 
shall be clearly identified.

  Detail drawings shall as a minimum depict the installation of 
the following items:

  a.  Medium-voltage cables and accessories including cable 
installation plan.

1.3.1   As-Built Drawings

The as-built drawings shall be a record of the construction as installed.  
The drawings shall include the information shown on the contract drawings 
as well as deviations, modifications, and changes from the contract 
drawings, however minor.  The as-built drawings shall be a full sized set 
of prints marked to reflect deviations, modifications, and changes.  The 
as-built drawings shall be complete and show the location, size, 
dimensions, part identification, and other information.  Additional sheets 
may be added.  The as-built drawings shall be jointly inspected for 
accuracy and completeness by the Contractor's quality control 
representative and by the Contracting Officer prior to the submission of 
each monthly pay estimate.  Upon completion of the work, the Contractor 
shall provide three full sized sets of the marked prints to the Contracting 
Officer for approval.  If upon review, the as-built drawings are found to 
contain errors and/or omissions, they will be returned to the Contractor 
for correction.  The Contractor shall correct and return the as-built 
drawings to the Contracting Officer for approval within 10 calendar days 
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from the time the drawings are returned to the Contractor.

SD-03 Product Data

Fault Current Analysis.
Protective Device.
Coordination Study.

The study shall be submitted with protective device equipment submittals.  
No time extension or similar contract modifications will be granted for 
work arising out of the requirements for this study.  Approval of 
protective devices proposed shall be based on recommendations of this 
study.  The Government shall not be held responsible for any changes to 
equipment, device ratings, settings, or additional labor for installation 
of equipment or devices ordered and/or procured prior to approval of the 
study.

Nameplates.

Catalog cuts, brochures, circulars, specifications, product data, and 
printed information in sufficient detail and scope to verify compliance 
with the requirements of the contract documents.

Material and Equipment.

A complete itemized listing of equipment and materials proposed for 
incorporation into the work.  Each entry shall include an item number, the 
quantity of items proposed, and the name of the manufacturer of each such 
item.

General Installation Requirements.

As a minimum, installation procedures for transformers, substations, 
switchgear, and medium-voltage cable terminations and splices.

Procedures shall include cable pulling plans, diagrams, instructions, and 
precautions required to install, adjust, calibrate, and test the devices 
and equipment.

SD-06 Test Reports

Field Testing.

  A proposed field test plan, 30 days prior to testing the 
installed system.  No field test shall be performed until the test 
plan is approved.  The test plan shall consist of complete field 
test procedures including tests to be performed, test equipment 
required, and tolerance limits.

Operating Tests.

  Six copies of the information described below in 215.9 by 279.4 
mm (8-1/2 by 11 inch) (8-1/2 by 11 inch) binders having a minimum 
of three rings, including a separate section for each test.  
Sections shall be separated by heavy plastic dividers with tabs.

  a.  A list of equipment used, with calibration certifications.

  b.  A copy of measurements taken.

SECTION 16375  Page 8



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

  c.  The dates of testing.

  d.  The equipment and values to be verified.

  e.  The condition specified for the test.

  f.  The test results, signed and dated.

  g.  A description of adjustments made.

Cable Installation.

  Six copies of the information described below in 215.9 by 279.4 
mm (8-1/2 by 11 inch) (8-1/2 by 11 inch) binders having a minimum 
of three rings from which material may readily be removed and 
replaced, including a separate section for each cable pull.  
Sections shall be separated by heavy plastic dividers with tabs, 
with all data sheets signed and dated by the person supervising 
the pull.

  a.  Site layout drawing with  cable pulls numerically identified.

  b.  A list of  equipment used, with calibration certifications. 
The manufacturer  and quantity of lubricant used on pull.

  c.  The cable manufacturer and type of cable.

  d.  The dates of cable pulls, time of day, and ambient 
temperature.

  e.  The length of cable pull and calculated cable pulling 
tensions.

  f.  The actual cable pulling tensions encountered during pull.

SD-07 Certificates

Material and Equipment.

  Where materials or equipment are specified to conform to the 
standards of the Underwriters Laboratories (UL) or to be 
constructed or tested, or both, in accordance with the standards 
of the American National Standards Institute (ANSI), the Institute 
of Electrical and Electronics Engineers (IEEE), or the National 
Electrical Manufacturers Association (NEMA), the Contractor shall 
submit proof that the items provided conform to such requirements. 
 The label of, or listing by, UL will be acceptable as evidence 
that the items conform.  Either a certification or a published 
catalog specification data statement, to the effect that the item 
is in accordance with the referenced ANSI or IEEE standard, will 
be acceptable as evidence that the item conforms.  A similar 
certification or published catalog specification data statement to 
the effect that the item is in accordance with the referenced NEMA 
standard, by a company listed as a member company of NEMA, will be 
acceptable as evidence that the item conforms.  In lieu of such 
certification or published data, the Contractor may submit a 
certificate from a recognized testing agency equipped and 
competent to perform such services, stating that the items have 
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been tested and that they conform to the requirements listed, 
including methods of testing of the specified agencies.  
Compliance with above-named requirements does not relieve the 
Contractor from compliance with any other requirements of the 
specifications.

Cable Joints.

A certification that contains the names and the qualifications of people 
recommended to perform the splicing and termination of medium-voltage 
cables approved for installation under this contract.  The certification 
shall indicate that any person recommended to perform actual splicing and 
terminations has been adequately trained in the proper techniques and have 
had at least three recent years of experience in splicing and terminating 
the same or similar types of cables approved for installation.  In 
addition, any person recommended by the Contractor may be required to 
perform a practice splice and termination, in the presence of the 
Contracting Officer, before being approved as a qualified installer of 
medium-voltage cables.  If that additional requirement is imposed, the 
Contractor shall provide short sections of the approved types of cables 
along with the approved type of splice and termination kits, and detailed 
manufacturer's instruction for the proper splicing and termination of the 
approved cable types.

Cable Installer Qualifications.

  The Contractor shall provide at least one onsite person in a 
supervisory position with a documentable level of competency and 
experience to supervise all cable pulling operations.  A resume 
shall be provided showing the cable installers' experience in the 
last three years, including a list of references complete with 
points of contact, addresses and telephone numbers.

SD-10 Operation and Maintenance Data

Electrical Distribution System.

Six copies of operation and maintenance manuals, within 7 calendar days 
following the completion of tests and including assembly, installation, 
operation and maintenance instructions, spare parts data which provides 
supplier name, current cost, catalog order number, and a recommended list 
of spare parts to be stocked.  Manuals shall also include data outlining 
detailed procedures for system startup and operation, and a troubleshooting 
guide which lists possible operational problems and corrective action to be 
taken.  A brief description of all equipment, basic operating features, and 
routine maintenance requirements shall also be included.  Documents shall 
be bound in a binder marked or identified on the spine and front cover.  A 
table of contents page shall be included and marked with pertinent contract 
information and contents of the manual.  Tabs shall be provided to separate 
different types of documents, such as catalog ordering information, 
drawings, instructions, and spare parts data.  Index sheets shall be 
provided for each section of the manual when warranted by the quantity of 
documents included under separate tabs or dividers.

  Three additional copies of the instructions manual shall be 
provided within 30 calendar days following the manuals.

1.4   DELIVERY, STORAGE, AND HANDLING
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Devices and equipment shall be visually inspected by the Contractor when 
received and prior to acceptance from conveyance.  Stored items shall be 
protected from the environment in accordance with the manufacturer's 
published instructions.  Damaged items shall be replaced.  Oil filled 
transformers and switches shall be stored in accordance with the 
manufacturer's requirements.  Wood poles held in storage for more than 2 
weeks shall be stored in accordance with ANSI O5.1.  Handling of wood poles 
shall be in accordance with ANSI O5.1, except that pointed tools capable of 
producing indentations more than 25 mm (1 inch) in depth shall not be used. 
 Metal poles shall be handled and stored in accordance with the 
manufacturer's instructions.

1.5   EXTRA MATERIALS

One additional spare fuse or fuse element for each furnished fuse or fuse 
element shall be delivered to the contracting officer when the electrical 
system is accepted.  Two complete sets of all special tools required for 
maintenance shall be provided, complete with a suitable tool box.  Special 
tools are those that only the manufacturer provides, for special purposes 
(to access compartments, or operate, adjust, or maintain special parts).

PART 2   PRODUCTS

2.1   STANDARD PRODUCT

Material and equipment shall be the standard product of a manufacturer 
regularly engaged in the manufacture of the product and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  Items of the same classification shall be identical 
including equipment, assemblies, parts, and components.

2.2   CORROSION PROTECTION

2.2.1   Aluminum Materials

Aluminum shall not be used.

2.2.2   Ferrous Metal Materials

2.2.2.1   Hardware

Ferrous metal hardware shall be hot-dip galvanized in accordance with ASTM 
A 153/A 153M and ASTM A 123/A 123M.

2.2.2.2   Equipment

Equipment and component items, including but not limited to transformer 
stations and ferrous metal luminaries not hot-dip galvanized or porcelain 
enamel finished, shall be provided with corrosion-resistant finishes which 
shall withstand 480 hours of exposure to the salt spray test specified in 
ASTM B 117 without loss of paint or release of adhesion of the paint primer 
coat to the metal surface in excess of  1.6 mm (1/16 inch) from the test 
mark.  The scribed test mark and test evaluation shall be in accordance 
with ASTM D 1654 with a rating of not less than 7 in accordance with TABLE 
1, (procedure A).  Cut edges or otherwise damaged surfaces of hot-dip 
galvanized sheet steel or mill galvanized sheet steel shall be coated with 
a zinc rich paint conforming to the manufacturer's standard.
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2.2.3   Finishing

Painting required for surfaces not otherwise specified and finish painting 
of items only primed at the factory shall be as specified in Section 09900 
PAINTING, GENERAL.

2.3   CABLES

Cables shall be single conductor type unless otherwise indicated.

2.3.1   Medium-Voltage Cables

2.3.1.1   General

Cable construction shall be Type MV, conforming to NFPA 70 and UL 1072.  
Cables shall be manufactured for use in duct applications. 

2.3.1.2   Ratings

Cables shall be rated for a circuit voltage of 15 kV as indicated.

2.3.1.3   Conductor Material

Underground cables shall be soft drawn copper complying with ASTM B 3 and 
ASTM B 8 for regular concentric and compressed stranding or ASTM B 496 for 
compact stranding.  

2.3.1.4   Insulation

Cable insulation shall be ethylene-propylene-rubber (EPR) insulation 
conforming to the requirements of NEMA WC 8 and AEIC CS6. A 133 percent 
insulation level shall be used on 5 kV, 15 kV and 25 kV rated cables.

2.3.1.5   Shielding

Cables rated for 2 kV and above shall have a semiconducting conductor 
shield, a semiconducting insulation shield, and an overall copper tape 
shield for each phase.  

2.3.1.6   Jackets

Cables shall be provided with a polyethylene jacket.  

2.3.2   Low-Voltage Cables

Cables shall be rated 600 volts and shall conform to the requirements of 
NFPA 70, and must be UL listed for the application or meet the applicable 
section of either ICEA or NEMA standards.

2.3.2.1   Conductor Material

Underground cables shall be annealed copper complying with ASTM B 3 and 
ASTM B 8 Intermixing of copper and aluminum conductors is not permitted.

2.3.2.2   Insulation

Insulation must be in accordance with NFPA 70, and must be UL listed for 
the application or meet the applicable sections of either ICEA, or NEMA 
standards.
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2.3.2.3   In Duct

Cables shall be single-conductor cable, in accordance with NFPA 70.  

2.4   CABLE JOINTS, TERMINATIONS, AND CONNECTORS

2.4.1   Medium-Voltage Cable Joints

Medium-voltage cable joints shall comply with IEEE Std 404 and IEEE Std 592. 
 Medium-voltage cable terminations shall comply with IEEE Std 48.  Joints 
shall be the standard products of a manufacturer and shall be either of the 
factory preformed type or of the kit type containing tapes and other 
required parts.  Joints shall have ratings not less than the ratings of the 
cables on which they are installed.  Splice kits may be of the 
heat-shrinkable type for voltages up to 15 kV, of the premolded splice and 
connector type, the conventional taped type, or the resin pressure-filled 
overcast taped type for voltages up to 35 kV; except that for voltages of 
7.5 kV or less a resin pressure-filled type utilizing a plastic-tape mold 
is acceptable.  Joints used in manholes, handholes, vaults and pull boxes 
shall be certified by the manufacturer for waterproof, submersible 
applications.

2.4.2   Medium-Voltage Separable Insulated Connectors

Separable insulated connectors shall comply with IEEE Std 386 and IEEE Std 
592 and shall be of suitable construction or standard splice kits shall be 
used.  Separable insulated connectors are acceptable for voltages up to 35 
kV.  Connectors shall be of the loadbreak type as indicated, of suitable 
construction for the application and the type of cable connected, and shall 
include cable shield adaptors.  Separable insulated connectors shall not be 
used as substitutes for conventional permanent splices.  External clamping 
points and test points shall be provided.

2.4.3   Low-Voltage Cable Splices

Low-voltage cable splices and terminations shall be rated at not less than 
600 Volts.  Splices in conductors No. 10 AWG and smaller shall be made with 
an insulated, solderless, pressure type connector, conforming to the 
applicable requirements of UL 486A.  Splices in conductors No. 8 AWG and 
larger shall be made with noninsulated, solderless, pressure type 
connector, conforming to the applicable requirements of UL 486A and UL 486B. 
 Splices shall then be covered with an insulation and jacket material 
equivalent to the conductor insulation and jacket.  Splices below grade or 
in wet locations shall be sealed type conforming to ANSI C119.1 or shall be 
waterproofed by a sealant-filled, thick wall, heat shrinkable, 
thermosetting tubing or by pouring a thermosetting resin into a mold that 
surrounds the joined conductors.

2.4.4   Terminations

Terminations shall be in accordance with IEEE Std 48, Class 1 or Class 2; 
of the molded elastomer, wet-process porcelain, prestretched elastomer, 
heat-shrinkable elastomer, or taped type.  Acceptable elastomers are 
track-resistant silicone rubber or track-resistant ethylene propylene 
compounds, such as ethylene propylene rubber or ethylene propylene diene 
monomer.  Separable insulated connectors may be used for apparatus 
terminations, when such apparatus is provided with suitable bushings.  
Terminations shall be of the outdoor type, except that where installed 
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inside outdoor equipment housings which are sealed against normal 
infiltration of moisture and outside air, indoor, Class 2 terminations are 
acceptable.  Class 3 terminations are not acceptable.  Terminations, where 
required, shall be provided with mounting brackets suitable for the 
intended installation and with grounding provisions for the cable 
shielding, metallic sheath, and armor.

2.4.4.1   Factory Preformed Type

Molded elastomer, wet-process porcelain, prestretched, and heat-shrinkable 
terminations shall utilize factory preformed components to the maximum 
extent practicable rather than tape build-up.  Terminations shall have 
basic impulse levels as required for the system voltage level.  

2.4.4.2   Taped Terminations

Taped terminations shall use standard termination kits providing terminal 
connectors, field-fabricated stress cones, and rain hoods.  Terminations 
shall be at least 510 mm(20 inches) long from the end of the tapered cable 
jacket to the start of the terminal connector, or not less than the kit 
manufacturer's recommendations, whichever is greater.

2.5   CONDUIT AND DUCTS

Ducts shall be single, round-bore type, with wall thickness and fittings 
suitable for the application. 

2.5.1   Metallic Conduit

Intermediate metal conduit shall comply with UL 1242.  Rigid galvanized 
steel conduit shall comply with UL 6 and ANSI C80.1.  Metallic conduit 
fittings and outlets shall comply with UL 514A and NEMA FB 1.

2.5.2   Nonmetallic Ducts

2.5.2.1   Concrete Encased Ducts

UL 651 Schedule 40 or NEMA TC 6 Type EB.

2.5.3   Conduit Sealing Compound

Compounds for sealing ducts and conduit shall have a putty-like consistency 
workable with the hands at temperatures as low as 2 degrees C (35 degrees 
F), (35 degrees F), shall neither slump at a temperature of 150 degrees C 
(300 degrees F),, nor harden materially when exposed to the air.  Compounds 
shall adhere to clean surfaces of fiber or plastic ducts; metallic conduits 
or conduit coatings; concrete, masonry, or lead; any cable sheaths, 
jackets, covers, or insulation materials; and the common metals.  Compounds 
shall form a seal without dissolving, noticeably changing characteristics, 
or removing any of the ingredients.  Compounds shall have no injurious 
effect upon the hands of workmen or upon materials.

2.6   MANHOLES, HANDHOLES, AND PULLBOXES

Manholes, handholes, and pullboxes shall be as indicated.  Strength of 
manholes, handholes, and pullboxes and their frames and covers shall 
conform to the requirements of IEEE C2.  Precast-concrete manholes shall 
have the required strength established by ASTM C 478, ASTM C 478M.  Frames 
and covers shall be made of gray cast iron and a machine-finished seat 
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shall be provided to ensure a matching joint between frame and cover.  Cast 
iron shall comply with ASTM A 48, Class 30B, minimum.  Handholes for low 
voltage cables installed in parking lots, sidewalks, and turfed areas shall 
be fabricated from an aggregate consisting of sand and with continuous 
woven glass strands having an overall compressive strength of at least 69 
MPa (10,000 psi) (10,000 psi) and a flexural strength of at least 34.5 MPa 
(5000 psi)..  Pullbox and handhole covers in sidewalks, and turfed areas 
shall be of the same material as the box.  Concrete pullboxes shall consist 
of precast reinforced concrete boxes, extensions, bases, and covers.

2.7   GROUNDING AND BONDING

2.7.1   Driven Ground Rods

Ground rods shall be copper-clad steel conforming to UL 467  19 mm (3/4 
inch)in diameter by 3.1 m (10 feet) in length.  Sectional type rods may be 
used.

2.7.2   Grounding Conductors

Grounding conductors shall be bare, except where installed in conduit with 
associated phase conductors.  Insulated conductors shall be of the same 
material as phase conductors and green color-coded, except that conductors 
shall be rated no more than 600 volts.  Bare conductors shall be ASTM B 8 
soft-drawn unless otherwise indicated.  Aluminum is not acceptable.

2.8   CONCRETE AND REINFORCEMENT

Concrete work shall have minimum 20 MPa (3000 psi) compressive strength and 
conform to the requirements of Section 03307 CONCRETE FOR MINOR STRUCTURES. 
 Concrete reinforcing shall be as specified in Section 03307 CONCRETE FOR 
MINOR STRUCTURES.  

2.9   CABLE FIREPROOFING SYSTEMS

Cable fireproofing systems shall be listed in FM P7825a as a 
fire-protective coating or tape approved for grouped electrical conductors 
and shall be suitable for application on the type of medium-voltage cables 
provided.  After being fully cured, materials shall be suitable for use 
where exposed to oil, water, gases, salt water, sewage, and fungus and 
shall not damage cable jackets or insulation.  Asbestos materials are not 
acceptable.

2.9.1   Fireproof Coating

Cable fireproofing coatings shall be compounded of water-based 
thermoplastic resins, flame-retardant chemicals, and inorganic 
noncombustible fibers and shall be suitable for the application methods 
used.  Coatings applied on bundled cables shall have a derating factor of 
less than 5 percent, and a dielectric strength of 95 volts per mil minimum 
after curing.

2.9.2   Fireproofing Tape

Fireproofing tape shall be at least 50 mm (2 inches) wide and shall be a 
flexible, conformable, polymeric, elastomer tape designed specifically for 
fireproofing cables.

2.9.3   Plastic Tape
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Preapplication plastic tape shall be pressure sensitive, 0.254 mm (10 mil)
thick, conforming to UL 510.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Equipment and devices shall be installed and energized in accordance with 
the manufacturer's published instructions.  Steel conduits installed 
underground shall be installed and protected from corrosion in conformance 
with the requirements of Section 16415 ELECTRICAL WORK, INTERIOR.  Except 
as covered herein, excavation, trenching, and backfilling shall conform to 
the requirements of Section 02316 EXCAVATION, TRENCHING, AND BACKFILLING 
FOR UTILITIES SYSTEMS.  Concrete work shall have minimum 20 MPa (3000 psi) 
compressive strength and conform to the requirements of Section 03307 
CONCRETE FOR MINOR STRUCTURES.  

3.1.1   Conformance to Codes

The installation shall comply with the requirements and recommendations of 
NFPA 70 and IEEE C2 as applicable.

3.1.2   Verification of Dimensions

The Contractor shall become familiar with details of the work, shall verify 
dimensions in the field, and shall advise the Contracting Officer of any 
discrepancy before performing any work.

3.1.3   Disposal of Liquid Dielectrics

PCB-contaminated dielectrics must be marked as PCB and transported to and 
incinerated by an approved EPA waste disposal facility.  The Contractor 
shall furnish certification of proper disposal.  Contaminated dielectrics 
shall not be diluted to lower the contamination level.

3.2   CABLE AND BUSWAY INSTALLATION

The Contractor shall obtain from the manufacturer an installation manual or 
set of instructions which addresses such aspects as cable construction, 
insulation type, cable diameter, bending radius, cable temperature, 
lubricants, coefficient of friction, conduit cleaning, storage procedures, 
moisture seals, testing for and purging moisture, etc.  The Contractor 
shall then prepare a checklist of significant requirements perform pulling 
calculations and prepare a pulling plan which shall be submitted along with 
the manufacturers instructions in accordance with SUBMITTALS.

3.2.1   Cable Installation Plan and Procedure

Cable shall be installed strictly in accordance with the cable 
manufacturer's recommendations.  Each circuit shall be identified by means 
of a fiber, laminated plastic, or non-ferrous metal tags, or approved 
equal, in each manhole, handhole, junction box, and each terminal.  Each 
tag shall contain the following information; cable type, conductor size, 
circuit number, circuit voltage, cable destination and phase identification.

3.2.1.1   Cable Inspection
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The cable reel shall be inspected for correct storage positions, signs of 
physical damage, and broken end seals.  If end seal is broken, moisture 
shall be removed from cable in accordance with the cable manufacturer's 
recommendations.

3.2.1.2   Duct Cleaning

Duct shall be cleaned with an assembly that consists of a flexible mandrel 
(manufacturers standard product in lengths recommended for the specific 
size and type of duct) that is 6.4 mm (1/4 inch) less than inside diameter 
of duct, 2 wire brushes, and a rag.  The cleaning assembly shall be pulled 
through conduit a minimum of 2 times or until less than a volume of 131 
cubic centimeters (8 cubic inches) of debris is expelled from the duct.

3.2.1.3   Duct Lubrication

The cable lubricant shall be compatible with the cable jacket for cable 
that is being installed.  Application of lubricant shall be in accordance 
with lubricant manufacturer's recommendations.

3.2.1.4   Cable Installation

The Contractor shall provide a cable feeding truck and a cable pulling 
winch as required.  The Contractor shall provide a pulling grip or pulling 
eye in accordance with cable manufacturer's recommendations.  The pulling 
grip or pulling eye apparatus shall be attached to polypropylene or manilla 
rope followed by lubricant front end packs and then by power cables.  A 
dynamometer shall be used to monitor pulling tension.  Pulling tension 
shall not exceed cable manufacturer's recommendations.  The Contractor 
shall not allow cables to cross over while cables are being fed into duct.  
For cable installation in cold weather, cables shall be kept at 10 degrees 
C (50 degrees F) temperature for at least 24 hours before installation.

3.2.1.5   Cable Installation Plan

The Contractor shall submit a cable installation plan for all cable pulls 
in accordance with the detail drawings portion of paragraph SUBMITTALS. 
Cable installation plan shall include:

a.  Site layout drawing with cable pulls identified in numeric order 
of expected pulling sequence and direction of cable pull.

b.  List of cable installation equipment.

c.  Lubricant manufacturer's application instructions.

d.  Procedure for resealing cable ends to prevent moisture from 
entering cable.

e.  Cable pulling tension calculations of all cable pulls.

f.  Cable percentage conduit fill.

g.  Cable sidewall thrust pressure.

h.  Cable minimum bend radius and minimum diameter of pulling wheels 
used.

i.  Cable jam ratio.
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j.  Maximum allowable pulling tension on each different type and size 
of conductor.

k.  Maximum allowable pulling tension on pulling device.

3.2.2   Duct Line

Cables shall be installed in duct lines where indicated.  Cable splices in 
low-voltage cables shall be made in manholes and handholes only, except as 
otherwise noted.  Cable joints in medium-voltage cables shall be made in 
manholes or approved pullboxes only.  Neutral and grounding conductors 
shall be installed in the same duct with their associated phase conductors.

3.2.3   Electric Manholes

Cables shall be routed around the interior walls and securely supported 
from walls on cables racks.  Cable routing shall minimize cable crossover, 
provide access space for maintenance and installation of additional cables, 
and maintain cable separation in accordance with IEEE C2.

3.3   CABLE JOINTS

Medium-voltage cable joints shall be made by qualified cable splicers only. 
Qualifications of cable splicers shall be submitted in accordance with 
paragraph SUBMITTALS.  Shields shall be applied as required to continue the 
shielding system through each entire cable joint.  Shields may be 
integrally molded parts of preformed joints.  Shields shall be grounded at 
each joint or in accordance with manufacturer's recommended practice.  
Cable joints shall provide insulation and jacket equivalent to that of the 
associated cable.  Armored cable joints shall be enclosed in 
compound-filled, cast-iron or alloy, splice boxes equipped with stuffing 
boxes and armor clamps of a suitable type and size for the cable being 
installed.

3.4   FIREPROOFING

Each medium-voltage cable and conductor in manholes shall be fire-proofed 
for their entire length within the manhole.  Where cables and conductors 
have been lubricated to enhance pulling into ducts, the lubricant shall be 
removed from cables and conductors exposed in the manhole before 
fireproofing.  Fire-stops shall be installed in each conduit entering or 
leaving a manhole.

3.4.1   Tape Method

Before application of fireproofing tape, plastic tape wrapping shall be 
applied over exposed metallic items such as the cable ground wire, metallic 
outer covering, or armor to minimize the possibility of corrosion from the 
fireproofing materials and moisture.  Before applying fireproofing tape, 
irregularities of cables, such as at cable joints, shall be evened out with 
insulation putty.  A flexible conformable polymeric elastomer fireproof 
tape shall be wrapped tightly around each cable spirally in 1/2 lapped 
wrapping or in 2 butt-jointed wrappings with the second wrapping covering 
the joints of the first.

3.4.2   Sprayable Method

Manholes shall be power ventilated until coatings are dry and dewatered and 
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the coatings are cured.  Ventilation requirements shall be in accordance 
with the manufacturer's instruction, but not less than 10 air changes per 
hour shall be provided.  Cable coatings shall be applied by spray, brush, 
or glove to a wet film thickness that reduces to the dry film thickness 
approved for fireproofing by FM P7825a.  Application methods and necessary 
safety precautions shall be in accordance with the manufacturers 
instructions.  After application, cable coatings shall be dry to the touch 
in 1 to 2 hours and fully cured in 48 hours, except where the manufacturer 
has stated that because of unusual humidity or temperature, longer periods 
may be necessary.

3.5   DUCT LINES

3.5.1   Requirements

Numbers and sizes of ducts shall be as indicated.  Duct lines shall be laid 
with a minimum slope of 100 mm per 30 m. (4 inches per 100 feet).  
Depending on the contour of the finished grade, the high-point may be at a 
terminal, a manhole, a handhole, or between manholes or handholes.  
Short-radius manufactured 90-degree duct bends may be used only for pole or 
equipment risers, unless specifically indicated as acceptable.  The minimum 
manufactured bend radius shall be 450 mm (18 inches)for ducts of less than 
80 mm (3 inch) diameter, and 900 mm (36 inches) for ducts 80 mm (3 inches)
or greater in diameter.  Otherwise, long sweep bends having a minimum 
radius of 7.6 m (25 feet) shall be used for a change of direction of more 
than 5 degrees, either horizontally or vertically.  Both curved and 
straight sections may be used to form long sweep bends, but the maximum 
curve used shall be 30 degrees and manufactured bends shall be used.  Ducts 
shall be provided with end bells whenever duct lines terminate in manholes 
or handholes.

3.5.2   Treatment

Ducts shall be kept clean of concrete, dirt, or foreign substances during 
construction.  Field cuts requiring tapers shall be made with proper tools 
and match factory tapers.  A coupling recommended by the duct manufacturer 
shall be used whenever an existing duct is connected to a duct of different 
material or shape.  Ducts shall be stored to avoid warping and 
deterioration with ends sufficiently plugged to prevent entry of any water 
or solid substances.  Ducts shall be thoroughly cleaned before being laid.  
Plastic ducts shall be stored on a flat surface and protected from the 
direct rays of the sun.

3.5.3   Concrete Encasement

Ducts requiring concrete encasements shall comply with NFPA 70, except that 
electrical duct bank configurations for ducts 150 mm (6 inches) in diameter 
shall be determined by calculation and as shown on the drawings.  The 
separation between adjacent electric power and communication ducts shall 
conform to IEEE C2.  Duct line encasements shall be monolithic 
construction.  Where a connection is made to a previously poured 
encasement, the new encasement shall be well bonded or doweled to the 
existing encasement.  The Contractor shall submit proposed bonding method 
for approval in accordance with the detail drawing portion of paragraph 
SUBMITTALS.  At any point, except railroad and airfield crossings, tops of 
concrete encasements shall be not less than the cover requirements listed 
in NFPA 70.  At railroad and airfield crossings, duct lines shall be 
encased with concrete and reinforced as indicated to withstand specified 
surface loadings.  Tops of concrete encasements shall be not less than 1.5 m
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 (5 feet) below tops of rails or airfield paving unless otherwise 
indicated.  Where ducts are jacked under existing pavement, rigid steel 
conduit will be installed because of its strength.  To protect the 
corrosion-resistant conduit coating, predrilling or installing conduit 
inside a larger iron pipe sleeve (jack-and-sleeve) is required.  For 
crossings of existing railroads and airfield pavements greater than 15 m 
(50 feet) in length, the predrilling method or the jack-and-sleeve method 
will be used.  Separators or spacing blocks shall be made of steel, 
concrete, plastic, or a combination of these materials placed not farther 
apart than 1.2 m (4 feet) on centers.  Ducts shall be securely anchored to 
prevent movement during the placement of concrete and joints shall be 
staggered at least 150 mm (6 inches) vertically.

3.5.4   Installation of Couplings

Joints in each type of duct shall be made up in accordance with the 
manufacturer's recommendations for the particular type of duct and coupling 
selected and as approved.

3.5.4.1   Plastic Duct

Duct joints shall be made by brushing a plastic solvent cement on insides 
of plastic coupling fittings and on outsides of duct ends.  Each duct and 
fitting shall then be slipped together with a quick 1/4-turn twist to set 
the joint tightly.

3.5.5   Duct Line Markers

Duct line markers shall be provided as indicated.  In addition to markers, a
 0.127 mm (5 mil) brightly colored plastic tape, not less than 75 mm (3 
inches) in width and suitably inscribed at not more than 3 m (10 feet) on 
centers with a continuous metallic backing and a corrosion-resistant 0.0254 
mm (1 mil) metallic foil core to permit easy location of the duct line, 
shall be placed approximately 300 mm (12 inches) below finished grade 
levels of such lines.

3.6   MANHOLES, HANDHOLES, AND PULLBOXES

3.6.1   General

Manholes shall be constructed approximately where shown.  The exact 
location of each manhole shall be determined after careful consideration 
has been given to the location of other utilities, grading, and paving.  
The location of each manhole shall be approved by the Contracting Officer 
before construction of the manhole is started.  Manholes shall be the type 
noted on the drawings and shall be constructed in accordance with the 
applicable details as indicated.  Top, walls, and bottom shall consist of 
reinforced concrete.  Walls and bottom shall be of monolithic concrete 
construction.  The Contractor may at his option utilize monolithically 
constructed precast-concrete manholes having the required strength and 
inside dimensions as required by the drawings or specifications.  In paved 
areas, frames and covers for manhole and handhole entrances in vehicular 
traffic areas shall be flush with the finished surface of the paving.  In 
unpaved areas, the top of manhole covers shall be approximately 15 mm (1/2 
inch) above the finished grade.  Where existing grades that are higher than 
finished grades are encountered, concrete assemblies designed for the 
purpose shall be installed to elevate temporarily the manhole cover to 
existing grade level.  All duct lines entering manholes must be installed 
on compact soil or otherwise supported when entering a manhole to prevent 
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shear stress on the duct at the point of entrance to the manhole.  Duct 
lines entering cast-in-place concrete manholes shall be cast in-place with 
the manhole.  Duct lines entering precast concrete manholes through a 
precast knockout penetration shall be grouted tight with a portland cement 
mortar.  PVC duct lines entering precast manholes through a PVC endbell 
shall be solvent welded to the endbell.  A cast metal grille-type sump 
frame and cover shall be installed over the manhole sump.  A cable-pulling 
iron shall be installed in the wall opposite each duct line entrance.

3.6.2   Handholes

Handholes shall be located approximately as shown.  Handholes shall be of 
the type noted on the drawings and shall be constructed in accordance with 
the details shown.

3.6.3   Pullboxes

Pullbox tops shall be flush with sidewalks or curbs or placed 15 mm (1/2 
inch) above surrounding grades when remote from curbed roadways or 
sidewalks.  Covers shall be marked "Low-Voltage" and provided with 2 
lifting eyes and 2 hold-down bolts.  Each box shall have a suitable opening 
for a ground rod.  Conduit, cable, ground rod entrances, and unused 
openings shall be sealed with mortar.

3.6.4   Ground Rods

A ground rod shall be installed at the manholes, handholes and pullboxes. 
Ground rods shall be driven into the earth before the manhole floor is 
poured so that approximately 100 mm (4 inches) of the ground rod will 
extend above the manhole floor.  When precast concrete manholes are used, 
the top of the ground rod may be below the manhole floor and a No. 1/0 AWG 
ground conductor brought into the manhole through a watertight sleeve in 
the manhole wall.

3.7   PAD-MOUNTED EQUIPMENT INSTALLATION

Pad-mounted equipment, shall be installed on concrete pads in accordance 
with the manufacturer's published, standard installation drawings and 
procedures, except that they shall be modified to meet the requirements of 
this document.  Units shall be installed so that they do not damage 
equipment or scratch painted or coated surfaces.  After installation, 
surfaces shall be inspected and scratches touched up with a paint or 
coating provided by the manufacturer especially for this purpose.  
Three-phase transformers shall be installed with phase sequence.  Primary 
taps shall be set at to match existing. 

3.7.1   Concrete Pads

3.7.1.1   Construction

Concrete pads for pad-mounted electrical equipment shall be 
poured-in-place.  Pads shall be constructed as indicated, except that exact 
pad dimensions and mounting details are equipment specific and are the 
responsibility of the Contractor.  Tops of concrete pads shall be level and 
shall project 100 mm (4 inches) above finished floor paving or grade and 
sloped to drain.  Edges of concrete pads shall have 20 mm (3/4 inch) 
chamfer.  Conduits for primary, secondary, and grounding conductors shall 
be set in place prior to placement of concrete pads.  Where grounding 
electrode conductors are installed through concrete pads, PVC conduit 
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sleeves shall be installed through the concrete to provide physical 
protection.  To facilitate cable installation and termination, the concrete 
pad shall be provided with a rectangular hole below the primary and 
secondary compartments, sized in accordance with the manufacturer's 
recommended dimensions.  Upon completion of equipment installation the 
rectangular hole shall be filled with masonry grout.

3.7.1.2   Concrete and Reinforcement

Concrete work shall have minimum 20 MPa (3000 psi) compressive strength and 
comform to the requirements of Section 03307 CONCRETE FOR MINOR STRUCTURES. 
 Concrete pad reinforcement shall be in accordance with Section 03307 
CONCRETE FOR MINOR STRUCTURES.

3.7.1.3   Sealing

When the installation is complete, the Contractor shall seal all conduit 
and other entries into the equipment enclosure with an approved sealing 
compound.  Seals shall be of sufficient strength and durability to protect 
all energized live parts of the equipment from rodents, insects, or other 
foreign matter.

3.8   CONNECTIONS TO BUILDINGS

Cables shall be extended into the various buildings as indicated, and shall 
be connected to the first applicable termination point in each building.  
Interfacing with building interior conduit systems shall be at conduit 
stubouts terminating 1.5 m (5 feet) outside of a building and  600 mm (2 
feet) below finished grade as specified and provided under Section 16415 
ELECTRICAL WORK, INTERIOR.  After installation of cables, conduits shall be 
sealed with caulking compound to prevent entrance of moisture or gases into 
buildings.

3.9   GROUNDING

A ground ring consisting of the indicated configuration of bare copper 
conductors and driven ground rods shall be installed around pad-mounted 
equipment as shown.  Equipment frames of metal-enclosed equipment, and 
other noncurrent-carrying metal parts, such as cable shields, cable sheaths 
and armor, and metallic conduit shall be grounded.  At least 2 connections 
shall be provided from a transformer, to the ground ring. Metallic frames 
and covers of handholes and pull boxes shall be grounded by use of a 
braided, copper ground strap with equivalent ampacity of No. 6 AWG.

3.9.1   Grounding Electrodes

Grounding electrodes shall be installed as shown on the drawings and as 
follows:

a.  Driven rod electrodes - Unless otherwise indicated, ground rods 
shall be driven into the earth until the tops of the rods are 
approximately 300 mm(1 foot) below finished grade.

b.  Ground ring - A ground ring shall be installed as shown consisting 
of bare copper conductors installed 300 mm, (12 inches), plus or 
minus 75 mm, (3 inches), below finished top of soil grade.  Ground 
ring conductors shall be sized as shown No. 2 AWG, minimum.

c.  Additional electrodes - When the required ground resistance is not 
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met, additional electrodes shall be provided interconnected with 
grounding conductors to achieve the specified ground resistance.  
The additional electrodes will be up to three,3 m (10 feet)rods 
spaced a minimum of 3 m( 10 feet apart).   In high ground 
resistance, UL listed chemically charged ground rods may be used.  
If the resultant resistance exceeds 25 ohms measured not less than 
48 hours after rainfall, the Contracting Officer shall be notified 
immediately.

3.9.2   Grounding and Bonding Connections

Connections above grade shall be made by the fusion-welding process or with 
bolted solderless connectors, in compliance with UL 467, and those below 
grade shall be made by a fusion-welding process.  Where grounding 
conductors are connected to aluminum-composition conductors, specially 
treated or lined copper-to-aluminum connectors suitable for this purpose 
shall be used.

3.9.3   Grounding and Bonding Conductors

Grounding and bonding conductors include  conductors used to bond 
transformer enclosures and equipment frames to the grounding electrode 
system.  Grounding and bonding conductors shall be sized as shown, and 
located to provide maximum physical protection.  Bends greater than 45 
degrees in ground conductors are not permitted.  Routing of ground 
conductors through concrete shall be avoided.  When concrete penetration is 
necessary, nonmetallic conduit shall be cast flush with the points of 
concrete entrance and exit so as to provide an opening for the ground 
conductor, and the opening shall be sealed with a suitable compound after 
installation.

3.9.4   Manhole, Handhole, or Concrete Pullbox Grounding

Ground rods installed in  manholes, handholes, or concrete pullboxes shall 
be connected to cable racks, cable-pulling irons, the cable shielding, 
metallic sheath, and armor at each cable joint or splice by means of a No. 
4 AWG braided tinned copper wire.  Connections to metallic cable sheaths 
shall be by means of tinned terminals soldered to ground wires and to cable 
sheaths.  Care shall be taken in soldering not to damage metallic cable 
sheaths or shields.  Ground rods shall be protected with a double wrapping 
of pressure-sensitive plastic tape for a distance of 50 mm (2 inches) above 
and 150 mm (6 inches) below concrete penetrations.  Grounding electrode 
conductors shall be neatly and firmly attached to manhole or handhole walls 
and the amount of exposed bare wire shall be held to a minimum.

3.9.5   Metal Splice Case Grounding

Metal splice cases for medium-voltage direct-burial cable shall be grounded 
by connection to a driven ground rod located within 600 mm (2 feet) of each 
splice box using a grounding electrode conductor having a current-carrying 
capacity of at least 20 percent of the individual phase conductors in the 
associated splice box, but not less than No. 6 AWG.

3.10   FIELD TESTING

3.10.1   General

Field testing shall be performed in the presence of the Contracting 
Officer.  The Contractor shall notify the Contracting Officer 7 days prior 
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to conducting tests.  The Contractor shall furnish all materials, labor, 
and equipment necessary to conduct field tests.  The Contractor shall 
perform all tests and inspections recommended by the manufacturer unless 
specifically waived by the Contracting Officer.  The Contractor shall 
maintain a written record of all tests which includes date, test performed, 
personnel involved, devices tested, serial number and name of test 
equipment, and test results.  Field test reports shall be signed and dated 
by the Contractor.

3.10.2   Safety

The Contractor shall provide and use safety devices such as rubber gloves, 
protective barriers, and danger signs to protect and warn personnel in the 
test vicinity.  The Contractor shall replace any devices or equipment which 
are damaged due to improper test procedures or handling.

3.10.3   Ground-Resistance Tests

The resistance of each grounding electrode and the ground ring shall be 
measured using the fall-of-potential method defined in IEEE Std 81.  Ground 
resistance measurements shall be made before the electrical distribution 
system is energized and shall be made in normally dry conditions not less 
than 48 hours after the last rainfall.  Resistance measurements of separate 
grounding electrode systems shall be made before the systems are bonded 
together below grade.  The combined resistance of separate systems may be 
used to meet the required resistance, but the specified number of 
electrodes must still be provided.

a.  Single rod electrode - 25 ohms.

b.  Ground ring - 75 ohms.

3.10.4   Ground-Mat Connection Inspection

All below-grade ground-mat connections will be visually inspected by the 
Contracting Officer before backfilling.  The Contractor shall notify the 
Contracting Officer 4 hours before the site is ready for inspection.

3.10.5   Medium-Voltage Cable Test

After installation and before the operating test or connection to an 
existing system, the medium-voltage cable system shall be given a high 
potential test.  Direct-current voltage shall be applied on each phase 
conductor of the system by connecting conductors as one terminal and 
connecting grounds or metallic shieldings or sheaths of the cable as the 
other terminal for each test.  Prior to making the test, the cables shall 
be isolated by opening applicable protective devices and disconnecting 
equipment.  The test shall be conducted with all splices, connectors, and 
terminations in place.  The method, voltage, length of time, and other 
characteristics of the test for initial installation shall be in accordance 
with NEMA WC 7 or NEMA WC 8 for the particular type of cable installed, 
except that 28 kV and 35 kV insulation test voltages shall be in accordance 
with either AEIC CS5 or AEIC CS6 as applicable, and shall not exceed the 
recommendations of IEEE Std 404 for cable joints and IEEE Std 48 for cable 
terminations unless the cable and accessory manufacturers indicate higher 
voltages are acceptable for testing.  Should any cable fail due to a 
weakness of conductor insulation or due to defects or injuries incidental 
to the installation or because of improper installation of cable, cable 
joints, terminations, or other connections, the Contractor shall make 
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necessary repairs or replace cables as directed.  Repaired or replaced 
cables shall be retested.

3.10.6   Low-Voltage Cable Test

Low-voltage cable, complete with splices, shall be tested for insulation 
resistance after the cables are installed, in their final configuration, 
ready for connection to the equipment, and prior to energization.  The test 
voltage shall be 500 volts dc, applied for one minute between each 
conductor and ground and between all possible combinations conductors in 
the same trench, duct, or cable, with all other conductors in the same 
trench, duct, or conduit.  The minimum value of insulation shall be:

R in megohms = (rated voltage in kV + 1) x 304,800/(length of cable in 
meters)

R in megohms = (rated voltage in kV + 1) x 1000/(length of cable in feet

Each cable failing this test shall be repaired or replaced.  The repaired 
cable shall be retested until failures have been eliminated.

3.11   ACCEPTANCE

Final acceptance of the facility will not be given until the Contractor has 
successfully completed all tests and after all defects in installation, 
material or operation have been corrected.

        -- End of Section --
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ELECTRONIC FLUORESCENT BALLAST EFFICACY FACTORS

         LAMP      TYPE OF      NOMINAL         NUMBER      MINIMUM
         TYPE      STARTER      OPERATIONAL       OF        BALLAST
                   & LAMP       VOLTAGE         LAMPS       EFFICACY
                                                            FACTOR

        32W T8     rapid       120 or 277 V       1           2.54
                   start                          2           1.44
                   linear &                       3           0.93
                   U-tubes                        4           0.73
__________________________________________________________________________

        34W T12    rapid       120 or 277 V       1           2.64
                   start                          2           1.41
                   linear &                       3           0.93
                   U-tubes
__________________________________________________________________________

        59W T8     rapid       120 or 277 V       2           0.80
                   start
                   linear
__________________________________________________________________________

        60W T12    rapid       120 or 277 V       2           0.80
                   start
                   linear

2.9.3   Fixtures

Fixtures shall be in accordance with the size, shape, appearance, finish, 
and performance shown.  Unless otherwise indicated, lighting fixtures shall 
be provided with housings, junction boxes, wiring, lampholders, mounting 
supports, trim, hardware and accessories for a complete and operable 
installation.  Recessed housings shall be minimum 20 gauge cold rolled or 
galvanized steel as shown.  Extruded aluminum fixtures shall have minimum 
wall thickness of 3 mm  (0.125 inches0.  Plastic lenses shall be 100% 
virgin acrylic or as shown.  Glass lenses shall be tempered.  Heat 
resistant glass shall be borosilicate type.   Conoid recessed reflector 
cones shall be Alzak with clear specular low iridescent finish.

a.  Incandescent fixtures shall comply with UL 1571.  Incandescent 
fixture specular reflector cone trims shall be integral to the 
cone and shall be finished to match.  Painted trim finishes shall 
be white with minimum reflectance of 88%.  Low voltage 
incandescent fixtures shall have integral step-down transformers.

b.  Fluorescent fixtures shall comply with UL 1570.  Recessed ceiling 
fixtures shall comply with NEMA LE 4.  Fixtures shall be plainly 
marked for proper lamp and ballast type to identify lamp diameter, 
wattage, color and start type.  Marking shall be readily visible 
to service personnel, but not visible from normal viewing angles.  
Fluorescent fixture lens frames on recessed and surface mounted 
troffers shall be one assembly with mitered corners.  Parabolic 
louvers shall have a low iridescent finish and 45 degree cut-off.  
Louver intersection joints shall be hairline type and shall 
conceal mounting tabs or other assembly methods.  Louvers shall be 
free from blemishes, lines or defects which distort the visual 
surface.  Integral ballast and wireway compartments shall be 
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easily accessible without the use of special tools.  Housings 
shall be constructed to include grounding necessary to start the 
lamps.  Open fixtures shall be equipped with a sleeve, wire guard, 
or other positive means to prevent lamps from falling.  Medium 
bi-pin lampholders shall be twist-in type with positive locking 
position.  Long compact fluorescent fixtures and fixtures 
utilizing U-bend lamps shall have clamps or secondary lampholders 
to support the free ends of the lamps.

2.9.4   Lampholders, Starters, and Starter Holders

UL 542

2.9.5   Ultrasonic, and Passive Infrared Occupancy Sensors

UL 916

2.10   MOTORS, AC, FRACTIONAL AND INTEGRAL

Motors, ac, fractional and integral kilowatt,  (horsepower), 373.0 kW  (500 
hp) and smaller shall conform to NEMA MG 1 and UL 1004 for motors. In 
addition to the standards listed above, motors shall be provided with 
efficiencies as specified in the table "MINIMUM NOMINAL EFFICIENCIES" below.

2.10.1   Rating

The kilowatt  (horsepower) rating of motors should be limited to no more 
than 125 percent of the maximum load being served unless a NEMA standard 
size does not fall within this range.  In this case, the next larger NEMA 
standard motor size should be used.

2.10.2   Motor Efficiencies

All permanently wired polyphase motors of 746 W  (1 hp) or more shall meet 
the minimum full-load efficiencies as indicated in the following table, and 
as specified in this specification.  Motors of 746 W  (1 hp) or more with 
open, drip proof or totally enclosed fan cooled enclosures shall be high 
efficiency type, unless otherwise indicated.  Motor efficiencies indicated 
in the tables apply to general-purpose, single-speed, polyphase induction 
motors.  Applications which require definite purpose, special purpose, 
special frame, or special mounted polyphase induction motors are excluded 
from these  efficiency requirements.  Motors provided as an integral part 
of motor driven equipment are excluded from this requirement if a minimum 
seasonal or overall efficiency requirement is indicated for that equipment 
by the provisions of another section.

MINIMUM NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

     kW           1200 RPM             1800 RPM               3600 RPM

    0.746           82.5                 85.5                   80.0
    1.12            86.5                 86.5                   85.5
    1.49            87.5                 86.5                   86.5
    2.24            89.5                 89.5                   86.5
    3.73            89.5                 89.5                   89.5   
    5.60            91.7                 91.0                   89.5
    7.46            91.7                 91.7                   90.2
   11.2             92.4                 93.0                   91.0
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MINIMUM NOMINAL MOTOR EFFICIENCIES
   14.9             92.4                 93.0                   92.4
   18.7             93.0                 93.6                   93.0   
   22.4             93.6                 93.6                   93.0
   29.8             94.1                 94.1                   93.6
   37.3             94.1                 94.5                   93.6
   44.8             95.0                 95.0                   94.1
   56.9             95.0                 95.0                   94.5   
   74.6             95.0                 95.4                   94.5
   93.3             95.4                 95.4                   95.0
  112.0             95.8                 95.8                   95.4
  149.0             95.4                 95.8                   95.4
  187.0             95.4                 96.2                   95.8   
  224.0             95.4                 95.0                   95.4
  261.0             94.5                 95.4                   95.0
  298.0             94.1                 95.8                   95.0
  336.0             94.5                 95.4                   95.4
  373.0             94.5                 94.5                   94.5   

TOTALLY ENCLOSED FAN-COOLED MOTORS

     kW           1200 RPM             1800 RPM               3600 RPM

    0.746           82.5                 85.5                   78.5
    1.12            87.5                 86.5                   85.5
    1.49            88.5                 86.5                   86.5
    2.24            89.5                 89.5                   88.5
    3.73            89.5                 89.5                   89.5   
    5.60            91.7                 91.7                   91.0
    7.46            91.7                 91.7                   91.7
   11.2             92.4                 92.4                   91.7
   14.9             92.4                 93.0                   92.4
   18.7             93.0                 93.6                   93.0   
   22.4             93.6                 93.6                   93.0
   29.8             94.1                 94.1                   93.6
   37.3             94.1                 94.5                   94.1
   44.8             94.5                 95.0                   94.1
   56.9             95.0                 95.4                   94.5   
   74.6             95.4                 95.4                   95.0
   93.3             95.4                 95.4                   95.4
  112.0             95.8                 95.8                   95.4
  149.0             95.8                 96.2                   95.8
  187.0             95.6                 96.2                   95.9   
  224.0             95.4                 96.1                   95.8
  261.0             94.5                 96.2                   94.8
  298.0             94.5                 95.8                   94.5
  336.0             94.5                 94.5                   94.5
  373.0             94.5                 94.5                   94.5   

MINIMUM NOMINAL MOTOR EFFICIENCIES
OPEN DRIP PROOF MOTORS

     HP           1200 RPM             1800 RPM               3600 RPM

    1               82.5                 85.5                   80.0
    1.5             86.5                 86.5                   85.5
    2               87.5                 86.5                   86.5
    3               89.5                 89.5                   86.5
    5               89.5                 89.5                   89.5   
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TOTALLY ENCLOSED FAN-COOLED MOTORS
    7.5             91.7                 91.0                   89.5
   10               91.7                 91.7                   90.2
   15               92.4                 93.0                   91.0
   20               92.4                 93.0                   92.4
   25               93.0                 93.6                   93.0   
   30               93.6                 93.6                   93.0
   40               94.1                 94.1                   93.6
   50               94.1                 94.5                   93.6
   60               95.0                 95.0                   94.1
   75               95.0                 95.0                   94.5   
  100               95.0                 95.4                   94.5
  125               95.4                 95.4                   95.0
  150               95.8                 95.8                   95.4
  200               95.4                 95.8                   95.4
  250               95.4                 96.2                   95.8   
  300               95.4                 95.0                   95.4
  350               94.5                 95.4                   95.0
  400               94.1                 95.8                   95.0
  450               94.5                 95.4                   95.4
  500               94.5                 94.5                   94.5   

TOTALLY ENCLOSED FAN-COOLED MOTORS

     HP           1200 RPM             1800 RPM               3600 RPM

    1               82.5                 85.5                   78.5
    1.5             87.5                 86.5                   85.5
    2               88.5                 86.5                   86.5
    3               89.5                 89.5                   88.5
    5               89.5                 89.5                   89.5   
    7.5             91.7                 91.7                   91.0
   10               91.7                 91.7                   91.7
   15               92.4                 92.4                   91.7
   20               92.4                 93.0                   92.4
   25               93.0                 93.6                   93.0   
   30               93.6                 93.6                   93.0
   40               94.1                 94.1                   93.6
   50               94.1                 94.5                   94.1
   60               94.5                 95.0                   94.1
   75               95.0                 95.4                   94.5   
  100               95.4                 95.4                   95.0
  125               95.4                 95.4                   95.4
  150               95.8                 95.8                   95.4
  200               95.8                 96.2                   95.8
  250               95.6                 96.2                   95.9   
  300               95.4                 96.1                   95.8
  350               94.5                 96.2                   94.8
  400               94.5                 95.8                   94.5
  450               94.5                 94.5                   94.5
  500               94.5                 94.5                   94.5   

2.11   PANELBOARDS

Dead-front construction, NEMA PB 1 and UL 67.

2.12   RECEPTACLES
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2.12.1   Standard Grade

UL 498.

2.12.2   Ground Fault Interrupters

UL 943, Class A.

2.12.3   NEMA Standard Receptacle Configurations

NEMA WD 6.

a.  Single and Duplex, 15-Ampere and 20-Ampere, 125 Volt 

15-ampere, non-locking:  NEMA type 5-15R, locking:  NEMA type L5-15R, 
20-ampere, non-locking:  NEMA type 5-20R, locking:  NEMA type L5-20R.

b.  15-Ampere, 250 Volt

Two-pole, 3-wire grounding, non-locking:  NEMA type 6-15R, locking: NEMA 
type L6-15R.  Three-pole, 4-wire grounding, non-locking:  NEMA type 15-15R, 
locking:  NEMA type L15-15R.

c.  20-Ampere, 250 Volt

Two-pole, 3-wire grounding, non-locking:  NEMA type 6-20R, locking:  NEMA 
type L6-20R.  Three-pole, 4-wire grounding, non-locking:  NEMA type 15-20R, 
locking:  NEMA type L15-20R.

d.  30-Ampere, 125/250 Volt

Three-pole, 3-wire, non-locking:  NEMA type 10-30R, locking:  NEMA type 
L10-30R.  Three-pole, 4-wire grounding, non-locking:  NEMA type 14-30R, 
locking:  NEMA type L14-30R.

e.  30-Ampere, 250 Volt

Two-pole, 3-wire grounding, non-locking:  NEMA type 6-30R, locking:  NEMA 
type L6-30R.  Three-pole, 4-wire grounding, non-locking:  NEMA type 15-30R, 
locking:  NEMA type L15-30R.

f.  50-Ampere, 125/250 Volt

Three-pole, 3-wire:  NEMA type 10-50R.  Three-pole, 4-wire grounding:  NEMA 
type 14-50R.

g.  50-Ampere, 250 Volt

Two-pole, 3-wire grounding:  NEMA type 6-50R.  Three-pole, 4-wire 
grounding:  NEMA type 15-50R.

2.13   SERVICE ENTRANCE EQUIPMENT

UL 869A.

2.14   SPLICE, CONDUCTOR

UL 486C.
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2.15   SNAP SWITCHES

UL 20.

2.16   TAPES

2.16.1   Plastic Tape

UL 510.

2.16.2   Rubber Tape

UL 510.

PART 3   EXECUTION

3.1   GROUNDING

Grounding shall be in conformance with NFPA 70, the contract drawings, and 
the following specifications.

3.1.1   Ground Rods

The resistance to ground shall be measured using the fall-of-potential 
method described in IEEE Std 81.  The maximum resistance of a driven ground 
shall not exceed 25 ohms under normally dry conditions.  If this resistance 
cannot be obtained with a single rod, additional rods not less than 1.8 
meters (6 feet) on centers, or if sectional type rods are used, additional 
sections may be coupled and driven with the first rod.  In 
high-ground-resistance, UL listed chemically charged ground rods may be 
used.  If the resultant resistance exceeds 25 ohms measured not less than 
48 hours after rainfall, the Contracting Officer shall be notified 
immediately.  Connections below grade shall be fusion welded.  Connections 
above grade shall be fusion welded or shall use UL 467 approved connectors.

3.1.2   Grounding Conductors

A green equipment grounding conductor, sized in accordance with NFPA 70 
shall be provided, regardless of the type of conduit.  Equipment grounding 
bars shall be provided in all panelboards.  The equipment grounding 
conductor shall be carried back to the service entrance grounding 
connection or separately derived grounding connection.  All equipment 
grounding conductors, including metallic raceway systems used as such, 
shall be bonded or joined together in each wiring box or equipment 
enclosure.  Metallic raceways and grounding conductors shall be checked to 
assure that they are wired or bonded into a common junction.  Metallic 
boxes and enclosures, if used, shall also be bonded to these grounding 
conductors by an approved means per NFPA 70.  When  switches, or other 
utilization devices are installed, any designated grounding terminal on 
these devices shall also be bonded to the equipment grounding conductor 
junction with a short jumper.

3.2   WIRING METHODS

Wiring shall conform to NFPA 70, the contract drawings, and the following 
specifications.  Unless otherwise indicated, wiring shall consist of 
insulated conductors installed in rigid zinc-coated steel conduit. Wire 
fill in conduits shall be based on NFPA 70 for the type of conduit and wire 
insulations specified.  
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3.2.1   Conduit and Tubing Systems

Conduit and tubing systems shall be installed as indicated.  Conduit sizes 
shown are based on use of copper conductors with  insulation types as 
described in paragraph WIRING METHODS.  Minimum size of raceways shall be 
15 mm. (1/2 inch).  Only metal conduits will be permitted when conduits are 
required for shielding or other special purposes indicated, or when 
required by conformance to NFPA 70.  Nonmetallic conduit and tubing may be 
used in damp, wet or corrosive locations when permitted by NFPA 70 and the 
conduit or tubing system is provided with appropriate boxes, covers, 
clamps, screws or other appropriate type of fittings.  Electrical metallic 
tubing (EMT) may be installed only within buildings.  EMT may be installed 
in concrete and grout in dry locations.  EMT installed in concrete or grout 
shall be provided with concrete tight fittings.  EMT shall not be installed 
in damp or wet locations, or the air space of exterior masonry cavity 
walls.  Bushings, manufactured fittings or boxes providing equivalent means 
of protection shall be installed on the ends of all conduits and shall be 
of the insulating type, where required by NFPA 70.  Only UL listed adapters 
shall be used to connect EMT to rigid metal conduit, cast boxes, and 
conduit bodies.  Aluminum conduit may be used only where installed exposed 
in dry locations.  Nonaluminum sleeves shall be used where aluminum conduit 
passes through concrete floors and firewalls.  Except as otherwise 
specified, IMC may be used as an option for rigid steel conduit in areas as 
permitted by NFPA 70.  Raceways shall not be installed under the firepits 
of boilers and furnaces and shall be kept 150 mm  (6 inches) away from 
parallel runs of flues, steam pipes and hot-water pipes.  Raceways shall be 
concealed within finished walls, ceilings, and floors unless otherwise 
shown.  Raceways crossing structural expansion joints or seismic joints 
shall be provided with suitable expansion fittings or other suitable means 
to compensate for the building expansion and contraction and to provide for 
continuity of grounding.  

3.2.1.1   Pull Wires

A pull wire shall be inserted in each empty raceway in which wiring is to 
be installed if the raceway is more than 15 meters  (50 feet) in length and 
contains more than the equivalent of two 90-degree bends, or where the 
raceway is more than 45 meters  (150 feet) in length.  The pull wire shall 
be of No. 14 AWG zinc-coated steel, or of plastic having not less than 1.4 
MPa (200 psi)  (200 pounds) per square inch tensile strength.  Not less 
than 254 mm  (10 inches) of slack shall be left at each end of the pull 
wire.

3.2.1.2   Conduit Stub-Ups

Where conduits are to be stubbed up through concrete floors, a short elbow 
shall be installed below grade to transition from the horizontal run of 
conduit to a vertical run.  A conduit coupling fitting, threaded on the 
inside shall be installed, to allow terminating the conduit flush with the 
finished floor.  Wiring shall be extended in rigid threaded conduit to 
equipment, except that where required, flexible conduit may be used 150 mm  
(6 inches) above the floor.  Empty or spare conduit stub-ups shall be 
plugged flush with the finished floor with a threaded, recessed plug.

3.2.1.3   Below Slab-on-Grade or in the Ground

Electrical wiring below slab-on-grade shall be protected by a conduit 
system.  Conduit passing vertically through slabs-on-grade shall be rigid 
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steel or IMC.  Rigid steel or IMC conduits installed below slab-on-grade or 
in the earth shall be field wrapped with 0.254 mm  (0.010 inch) thick 
pipe-wrapping plastic tape applied with a 50 percent overlay, or shall have 
a factory-applied polyvinyl chloride, plastic resin, or epoxy coating 
system.

3.2.1.4   Installing in Slabs Including Slabs on Grade

Conduit installed in slabs-on-grade shall be rigid steel or IMC.  Conduits 
shall be installed as close to the middle of concrete slabs as practicable 
without disturbing the reinforcement.  Outside diameter shall not exceed 
1/3 of the slab thickness and conduits shall be spaced not closer than 3 
diameters on centers except at cabinet locations where the slab thickness 
shall be increased as approved by the Contracting Officer.  Where conduit 
is run parallel to reinforcing steel, the conduit shall be spaced a minimum 
of one conduit diameter away but not less than 25.4 mm  (one inch) from the 
reinforcing steel.

3.2.1.5   Changes in Direction of Runs

Changes in direction of runs shall be made with symmetrical bends or 
cast-metal fittings. Field-made bends and offsets shall be made with an 
approved hickey or conduit-bending machine.  Crushed or deformed raceways 
shall not be installed. Trapped raceways in damp and wet locations shall be 
avoided where possible.  Lodgment of plaster, dirt, or trash in raceways, 
boxes, fittings and equipment shall be prevented during the course of 
construction.  Clogged raceways shall be cleared of obstructions or shall 
be replaced.

3.2.1.6   Supports

Metallic conduits and tubing,and the support system to which they are 
attached, shall be securely and rigidly fastened in place to prevent 
vertical and horizontal movement at intervals of not more than 3 meters (10 
feet) and within 900 mm  (3 feet) of boxes, cabinets, and fittings, with 
approved pipe straps, wall brackets, conduit clamps, conduit hangers, 
threaded C-clamps, beam clamps, or ceiling trapeze.  Loads and supports 
shall be coordinated with supporting structure to prevent damage or 
deformation to the structure.  Loads shall not be applied to joist 
bridging.  Attachment shall be by wood screws or screw-type nails to wood; 
by toggle bolts on hollow masonry units; by expansion bolts on concrete or 
brick; by machine screws, welded threaded studs, heat-treated or 
spring-steel-tension clamps on steel work.  Nail-type nylon anchors or 
threaded studs driven in by a powder charge and provided with lock washers 
and nuts may be used in lieu of expansion bolts or machine screws.  
Raceways or pipe straps shall not be welded to steel structures.  Cutting 
the main reinforcing bars in reinforced concrete beams or joists shall be 
avoided when drilling holes for support anchors.  Holes drilled for support 
anchors, but not used, shall be filled.  In partitions of light steel 
construction, sheet-metal screws may be used.  Raceways shall not be 
supported using wire or nylon ties.  Raceways shall be independently 
supported from the structure.  Upper raceways shall not be used as a means 
of support for lower raceways.  Supporting means shall not be shared 
between electrical raceways and mechanical piping or ducts.  Cables and 
raceways shall not be supported by ceiling grids.  Except where permitted 
by NFPA 70, wiring shall not be supported by ceiling support systems.  
Conduits shall be fastened to sheet-metal boxes and cabinets with two 
locknuts where required by NFPA 70, where insulating bushings are used, and 
where bushings cannot be brought into firm contact with the box; otherwise, 
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a single locknut and bushing may be used.  Threadless fittings for 
electrical metallic tubing shall be of a type approved for the conditions 
encountered.  Additional support for horizontal runs is not required when 
EMT rests on steel stud cutouts.

3.2.1.7   Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls, 
structural members, or intersections of vertical planes and ceilings.  
Raceways under raised floors and above accessible ceilings shall be 
considered as exposed installations in accordance with NFPA 70 definitions.

3.2.1.8   Communications Raceways

Communications raceways indicated shall be installed in accordance with the 
previous requirements for conduit and tubing and with the additional 
requirement that no length of run shall exceed 15 meters  (50 feet) for 15 
mm  (1/2 inch) and 20 mm  (3/4 inch) sizes, and 30 meters  (100 feet) for 
25 mm  (1 inch) or larger sizes, and shall not contain more than two 
90-degree bends or the equivalent.  Additional pull or junction boxes shall 
be installed to comply with these limitations whether or not indicated.  
Inside radii of bends in conduits of 25 mm (1 inch)  (1 inch) size or 
larger shall not be less than ten times the nominal diameter.

3.2.2   Cables and Conductors

Installation shall conform to the requirements of NFPA 70.  Covered, bare 
or insulated conductors of circuits rated over 600 volts shall not occupy 
the same equipment wiring enclosure, cable, or raceway with conductors of 
circuits rated 600 volts or less.

3.2.2.1   Sizing

Unless otherwise noted, all sizes are based on copper conductors and the 
insulation types indicated.  Sizes shall be not less than indicated.  
Branch-circuit conductors shall be not smaller than No. 12 AWG.  Conductors 
for branch circuits of 120 volts more than 30 meters  (100 feet) long and 
of 277 volts more than 70 meters (230 feet) long, from panel to load 
center, shall be no smaller than No. 10 AWG.  Class 1 remote control and 
signal circuit conductors shall be not less than No. 14 AWG.  Class 2 
remote control and signal circuit conductors shall be not less than No. 16 
AWG.  Class 3 low-energy, remote-control and signal circuits shall be not 
less than No. 22 AWG.

3.2.2.2   Use of Aluminum Conductors in Lieu of Copper

Aluminum conductors shall not be used.  

3.2.2.3   Cable Splicing

Splices shall be made in an accessible location.  Crimping tools and dies 
shall be approved by the connector manufacturer for use with the type of 
connector and conductor.

a.  Copper Conductors, 600 Volt and Under:  Splices in conductors No. 
10 AWG and smaller diameter shall be made with an insulated, 
pressure-type connector.  Splices in conductors No. 8 AWG and 
larger diameter shall be made with a solderless connector and 
insulated with tape or heat-shrink type insulating material 
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equivalent to the conductor insulation.

b.  Greater Than 600 Volt:  Cable splices shall be made in accordance 
with the cable manufacturer's recommendations and Section 16375
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

3.2.2.4   Conductor Identification and Tagging

Power, control, and signal circuit conductor identification shall be 
provided within each enclosure where a tap, splice, or termination is made. 
 Where several feeders pass through a common pull box, the feeders shall be 
tagged to indicate clearly the electrical characteristics, circuit number, 
and panel designation.  Phase conductors of low voltage power circuits 
shall be identified by color coding.  Phase identification by a particular 
color shall be maintained continuously for the length of a circuit, 
including junctions.

a.  Color coding shall be provided for service, feeder, branch, and 
ground conductors.  Color shall be green for grounding conductors 
and white for neutrals; except where neutrals of more than one 
system are installed in the same raceway or box, other neutral 
shall be white with colored (not green) stripe.  The color coding 
for 3-phase and single-phase low voltage systems shall be as 
follows:

120/208-volt, 3-phase:  Black(A), red(B), and blue(C).
277/480-volt, 3-phase:  Brown(A), orange(B), and yellow(C).
120/240-volt, 1-phase:  Black and red.

b.  Conductor phase and voltage identification shall be made by 
color-coded insulation for all conductors smaller than No. 6 AWG.  
For conductors No. 6 AWG and larger, identification shall be made 
by color-coded insulation, or conductors with black insulation may 
be furnished and identified by the use of half-lapped bands of 
colored electrical tape wrapped around the insulation for a 
minimum of 75 mm  (3 inches) of length near the end, or other 
method as submitted by the Contractor and approved by the 
Contracting Officer.

c.  Control and signal circuit conductor identification shall be made 
by color-coded insulated conductors, plastic-coated self-sticking 
printed markers, permanently attached stamped metal foil markers, 
or equivalent means as approved.  Control circuit terminals of 
equipment shall be properly identified.  Terminal and conductor 
identification shall match that shown on approved detail drawings. 
 Hand lettering or marking is not acceptable.

3.3   BOXES AND SUPPORTS

Boxes shall be provided in the wiring or raceway systems where required by 
NFPA 70 for pulling of wires, making connections, and mounting of devices 
or fixtures.  Pull boxes shall be furnished with screw-fastened covers.  
Indicated elevations are approximate, except where minimum mounting heights 
for hazardous areas are required by NFPA 70.  Unless otherwise indicated, 
boxes for wall switches shall be mounted 1.2 meters  (48 inches) above 
finished floors.  Switch and outlet boxes located on opposite sides of fire 
rated walls shall be separated by a minimum horizontal distance of 600 mm. 
(24 inches).  The total combined area of all box openings in fire rated 
walls shall not exceed 0.0645 square meters  (100 square inches) per 9.3 
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square meters.  (100 square feet).  Maximum box areas for individual boxes 
in fire rated walls vary with the manufacturer and shall not exceed the 
maximum specified for that box in UL Elec Const Dir.  Only boxes listed in 
UL Elec Const Dir shall be used in fire rated walls.

3.3.1   Box Applications

Each box shall have not less than the volume required by NFPA 70 for number 
of conductors enclosed in box.  Boxes for metallic raceways shall be listed 
for the intended use when located in normally wet locations, when fvtlush 
or surface mounted on outside of exterior surfaces, or when located in 
hazardous areas.  Boxes installed in wet locations and boxes installed 
flush with the outside of exterior surfaces shall be gasketed.  Boxes for 
mounting lighting fixtures shall be not less than 102 mm  (4 inches) 
square, or octagonal, except smaller boxes may be installed as required by 
fixture configuration, as approved.  Cast-metal boxes with 2.4 mm  (3/32 
inch) wall thickness are acceptable.  Large size boxes shall be NEMA 1 or 
as shown.  Boxes in other locations shall be sheet steel except that 
aluminum boxes may be used with aluminum conduit, and nonmetallic boxes may 
be used with nonmetallic conduit and tubing or nonmetallic sheathed cable 
system, when permitted by NFPA 70.  Boxes for use in masonry-block or tile 
walls shall be square-cornered, tile-type, or standard boxes having 
square-cornered, tile-type covers.

3.3.2   Brackets and Fasteners

Boxes and supports shall be fastened to wood with wood screws or screw-type 
nails of equal holding strength, with bolts and metal expansion shields on 
concrete or brick, with toggle bolts on hollow masonry units, and with 
machine screw or welded studs on steel work.  Threaded studs driven in by 
powder charge and provided with lockwashers and nuts, or nail-type nylon 
anchors may be used in lieu of expansion shields, or machine screws.  
Penetration of more than 38.1 mm (1-1/2 inches)  (1-1/2 inches) into 
reinforced-concrete beams or more than 19.1 mm (3/4 inch) (3/4 inch) into 
reinforced-concrete joists shall avoid cutting any main reinforcing steel.  
The use of brackets which depend on gypsum wallboard or plasterboard for 
primary support will not be permitted.  In partitions of light steel 
construction, bar hangers with 25 mm  (1 inch) long studs, mounted between 
metal wall studs or metal box mounting brackets shall be used to secure 
boxes to the building structure.  When metal box mounting brackets are 
used, additional box support shall be provided on the side of the box 
opposite the brackets.  This additional box support shall consist of a 
minimum 300 mm  (12 inch) long section of wall stud, bracketed to the 
opposite side of the box and secured by two screws through the wallboard on 
each side of the stud.  Metal screws may be used in lieu of the metal box 
mounting brackets.

3.3.3   Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-combustible material, 
boxes shall be installed so that the edge of the box is not recessed more 
than 6 mm (1/4 inch) from the finished surface.  Boxes mounted in 
combustible walls or ceiling material shall be mounted flush with the 
finished surface. The use of gypsum or plasterboard as a means of 
supporting boxes will not be permitted.  Boxes installed for concealed 
wiring shall be provided with suitable extension rings or plaster covers, 
as required.  The bottom of boxes installed in masonry-block walls for 
concealed wiring shall be mounted flush with the top of a block to minimize 
cutting of the blocks, and boxes shall be located horizontally to avoid 
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cutting webs of block.  Separate boxes shall be provided for flush or 
recessed fixtures when required by the fixture terminal operating 
temperature, and fixtures shall be readily removable for access to the 
boxes unless ceiling access panels are provided.

3.3.4   Installation in Overhead Spaces

In open overhead spaces, cast-metal boxes threaded to raceways need not be 
separately supported except where used for fixture support; cast-metal 
boxes having threadless connectors and sheet metal boxes shall be supported 
directly from the building structure or by bar hangers.  Hangers shall not 
be fastened to or supported from joist bridging.  Where bar hangers are 
used, the bar shall be attached to raceways on opposite sides of the box 
and the raceway shall be supported with an approved type fastener not more 
than 600 mm (24 inches) from the box.

3.4   DEVICE PLATES

One-piece type device plates shall be provided for all outlets and 
fittings.  Plates on unfinished walls and on fittings shall be of 
zinc-coated sheet steel, cast-metal, or impact resistant plastic having 
rounded or beveled edges.  Plates on finished walls shall be of steel with 
baked enamel finish or impact-resistant plastic and shall be ivory as 
indicated.  Screws shall be of metal with countersunk heads, in a color to 
match the finish of the plate.  Plates shall be installed with all four 
edges in continuous contact with finished wall surfaces without the use of 
mats or similar devices.  Plaster fillings will not be permitted. Plates 
shall be installed with an alignment tolerance of 1.6 mm. (1/16 inch).  The 
use of sectional-type device plates will not be permitted.  Plates 
installed in wet locations shall be gasketed and provided with a hinged, 
gasketed cover, unless otherwise specified.

3.5   RECEPTACLES

3.5.1   Single and Duplex, 15 or 20-ampere, 125 volt

Single and duplex receptacles shall be rated 15 amperes, 125 volts, 
two-pole, three-wire, grounding type with polarized parallel slots.  Bodies 
shall be of ivory to match color of switch handles in the same room or to 
harmonize with the color of the respective wall, and supported by mounting 
strap having plaster ears.  Contact arrangement shall be such that contact 
is made on two sides of an inserted blade.  Receptacle shall be side- or 
back-wired with two screws per terminal.  The third grounding pole shall be 
connected to the metal mounting yoke.  Switched receptacles shall be the 
same as other receptacles specified except that the ungrounded pole of each 
suitable receptacle shall be provided with a separate terminal.  Only the 
top receptacle of a duplex receptacle shall be wired for switching 
application.  Receptacles with ground fault circuit interrupters shall have 
the current rating as indicated, and shall be UL Class A type unless 
otherwise shown.  Ground fault circuit protection shall be provided as 
required by NFPA 70 and as indicated on the drawings.

3.5.2   Weatherproof Applications

Weatherproof receptacles shall be suitable for the environment, damp or wet 
as applicable, and the housings shall be labeled to identify the allowable 
use.  Receptacles shall be marked in accordance with UL 514A for the type 
of use indicated; "Damp locations", "Wet Locations", "Wet Location Only 
When Cover Closed".  Assemblies shall be installed in accordance with the 
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manufacturer's recommendations.

3.5.2.1   Damp Locations

Receptacles in damp locations shall be mounted in an outlet box with a 
gasketed, weatherproof, cast-metal cover plate (device plate, box cover) 
and a gasketed cap (hood, receptacle cover) over each receptacle opening.  
The cap shall be either a screw-on type permanently attached to the cover 
plate by a short length of bead chain or shall be a flap type attached to 
the cover with a spring loaded hinge.

3.5.2.2   Wet Locations

Receptacles in wet locations shall be installed in an assembly rated for 
such use whether the plug is inserted or withdrawn, unless otherwise 
indicated.  In a duplex installation, the receptacle cover shall be 
configured to shield the connections whether one or both receptacles are in 
use.  

3.6   WALL SWITCHES

Wall switches shall be of the totally enclosed tumbler type.  The wall 
switch handle and switch plate color shall be ivory.  Wiring terminals 
shall be of the screw type or of the solderless pressure type having 
suitable conductor-release arrangement.  Not more than two switches shall 
be installed in a single-gang position.  Switches shall be rated 20-ampere 
120-volt for use on alternating current only.  Pilot lights indicated shall 
consist of yoke-mounted candelabra-base sockets rated at 75 watts, 125 
volts, and fitted with glass or plastic jewels.  A clear 6-watt lamp shall 
be furnished and installed in each pilot switch.  Jewels for use with 
switches controlling motors shall be green, and jewels for other purposes 
shall be red.  Dimming switches shall be solid-state flush mounted, sized 
for the loads.

3.7   SERVICE EQUIPMENT

Service-disconnecting means shall be of the type indicated in paragraph 
PANELBOARDS AND LOADCENTERS with an external handle for manual operation.  
When service disconnecting means is a part of an assembly, the assembly 
shall be listed as suitable for service entrance equipment.  Enclosures 
shall be sheet metal with hinged cover for surface mounting unless 
otherwise indicated.

3.8   PANELBOARDS AND LOADCENTERS

Circuit breakers and switches used as a motor disconnecting means shall be 
capable of being locked in the open position.  Door locks shall be keyed 
alike.  Nameplates shall be as approved.  Directories shall be typed to 
indicate loads served by each circuit and mounted in a holder behind a 
clear protective covering.  Busses shall be copper aluminum.

3.8.1   Loadcenters

Loadcenters shall be circuit breaker equipped.

3.8.2   Panelboards

Panelboards shall be circuit breaker equipped as indicated on the drawings. 
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3.9   UNDERGROUND SERVICE

Unless otherwise indicated, interior conduit systems shall be stubbed out 
1.5 m  (5 feet) beyond the building wall and 600 mm  (2 feet) below 
finished grade, for interface with the exterior service lateral conduits 
and exterior communications conduits.  Outside conduit ends shall be bushed 
when used for direct burial service lateral conductors. Outside conduit 
ends shall be capped or plugged until connected to exterior conduit 
systems.  Underground service lateral conductors will be extended to 
building service entrance and terminated in accordance with the 
requirements of Section 16375 ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND 
and NFPA 70.

3.12   MOTORS

Each motor shall conform to the kW  (hp) and voltage ratings indicated, and 
shall have a service factor and other characteristics that are essential to 
the proper application and performance of the motors under conditions shown 
or specified.  Three-phase motors for use on 3-phase 208-volt systems shall 
have a nameplate rating of 200 volts.  Unless otherwise specified, all 
motors shall have open frames, and continuous-duty classification based on 
a 40 degree C ambient temperature reference.  Polyphase motors shall be 
squirrel-cage type, having normal-starting-torque and low-starting-current 
characteristics, unless other characteristics are specified in other 
sections of these specifications or shown on contract drawings.  The 
Contractor shall be responsible for selecting the actual kilowatt 
(horsepower)  ratings and other motor requirements necessary for the 
applications indicated.  When electrically driven equipment furnished under 
other sections of these specifications materially differs from the design, 
the Contractor shall make the necessary adjustments to the wiring, 
disconnect devices and branch-circuit protection to accommodate the 
equipment actually installed.

3.10   MOTOR-DISCONNECT MEANS

Each motor shall be provided with a disconnecting means when required by 
NFPA 70 even though not indicated.  For single-phase motors, a single or 
double pole toggle switch, rated only for alternating current, will be 
acceptable for capacities less than 30 amperes, provided the ampere rating 
of the switch is at least 125 percent of the motor rating.  Switches shall 
disconnect all ungrounded conductors.

3.11   LIGHTING FIXTURES, LAMPS AND BALLASTS

This paragraph shall cover the installation of lamps, lighting fixtures and 
ballasts in interior or building mounted applications.

3.11.1   Lamps

Lamps of the type, wattage, and voltage rating indicated shall be delivered 
to the project in the original cartons and installed just prior to project 
completion.  Lamps installed and used for working light during construction 
shall be replaced prior to turnover to the Government if more than 15% of 
their rated life has been used.  Lamps shall be tested for proper operation 
prior to turn-over and shall be replaced if necessary with new lamps from 
the original manufacturer.  10% spare lamps of each type, from the original 
manufacturer, shall be provided.
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3.11.2   Lighting Fixtures

Fixtures shall be as shown and shall conform to the following 
specifications and shall be as detailed on the drawings.  Illustrations  
shown on the drawings are indicative of the general type desired and are 
not intended to restrict selection to fixtures of any particular 
manufacturer.  Fixtures of similar designs and equivalent energy 
efficiency, light distribution and brightness characteristics, and of equal 
finish and quality will be acceptable if approved.  In suspended acoustical 
ceilings with fluorescent fixtures, the fluorescent emergency light 
fixtures shall be furnished with self-contained battery packs.

3.11.2.1   Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be 
provided for proper installation.

3.11.2.2   Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation 
in, on or from the ceiling as shown.  Installation and support of fixtures 
shall be in accordance with NFPA 70 and manufacturer's recommendations.  
Where seismic requirements are specified herein, fixtures shall be 
supported as shown or specified.  Recessed fixtures shall have adjustable 
fittings to  permit alignment with ceiling panels.  Recessed fixtures 
installed in fire-resistive ceiling construction shall have the same fire 
rating as the ceiling or shall be provided with fireproofing boxes having 
materials of the same fire rating as the ceiling, in conformance withUL 
Elec Const Dir.  Surface-mounted fixtures shall be suitable for fastening 
to the ceiling panel structural supports.

3.11.3   Ballasts

Remote type ballasts or transformers, where indicated, shall be mounted in 
a well ventilated, easily accessible location, within the maximum operating 
distance from the lamp as designated by the manufacturer.

3.12   EQUIPMENT CONNECTIONS

 Wiring not furnished and installed under other sections of the 
specifications for the connection of electrical equipment as indicated on 
the drawings shall be furnished and installed under this section of the 
specifications.  Connections shall comply with the applicable requirements 
of paragraph WIRING METHODS.  Flexible conduits 2 m  (6 feet) or less in 
length shall be provided to all electrical equipment subject to periodic 
removal, vibration, or movement and for all motors.  All motors shall be 
provided with separate grounding conductors.  Liquid-tight conduits shall 
be used in damp or wet locations.

3.12.1   Motors and Motor Control

Motors, motor controls, and motor control centers shall be installed in 
accordance with NFPA 70, the manufacturer's recommendations, and as 
indicated.  Wiring shall be extended to motors, motor controls, and motor 
control centers and terminated.

3.13   CIRCUIT PROTECTIVE DEVICES

The Contractor shall calibrate, adjust, set and test each new adjustable 
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circuit protective device to ensure that they will function properly prior 
to the initial energization of the new power system under actual operating 
conditions.

3.14   PAINTING AND FINISHING

Field-applied paint on exposed surfaces shall be provided under Section 
09900 PAINTING, GENERAL.

3.15   FIELD TESTING

Field testing shall be performed in the presence of the Contracting 
Officer.  The Contractor shall notify the Contracting Officer 7 days prior 
to conducting tests.  The Contractor shall furnish all materials, labor, 
and equipment necessary to conduct field tests.  The Contractor shall 
perform all tests and inspection recommended by the manufacturer unless 
specifically waived by the Contracting Officer.  The Contractor shall 
maintain a written record of all tests which includes date, test performed, 
personnel involved, devices tested, serial number and name of test 
equipment, and test results.  All field test reports will be signed and 
dated by the Contractor.

3.15.1   Safety

The Contractor shall provide and use safety devices such as rubber gloves, 
protective barriers, and danger signs to protect and warn personnel in the 
test vicinity.  The Contractor shall replace any devices or equipment which 
are damaged due to improper test procedures or handling.

3.15.2   Ground-Resistance Tests

The resistance of each grounding electrode shall be measured using the 
fall-of-potential method defined in IEEE Std 81.  Soil resistivity in the 
area of the grid shall be measured concurrently with the grid measurements. 
 Ground resistance measurements shall be made before the electrical 
distribution system is energized and shall be made in normally dry 
conditions not less than 48 hours after the last rainfall.  Resistance 
measurements of separate grounding electrode systems shall be made before 
the systems are bonded together below grade.  The combined resistance of 
separate systems may be used to meet the required resistance, but the 
specified number of electrodes must still be provided.

a.  Single rod electrode - 25 ohms

3.15.3   Cable Tests

The Contractor shall be responsible for identifying all equipment and 
devices that could be damaged by application of the test voltage and 
ensuring that they have been properly disconnected prior to performing 
insulation resistance testing.  An insulation resistance test shall be 
performed on all low voltage cables #8 AWG and larger and all medium 
voltage cables after the cables are installed in their final configuration 
and prior to energization.  The test voltage shall be 500 volts DC applied 
for one minute between each conductor and ground and between all possible 
combinations of conductors.  The minimum value of resistance shall be:

R in megohms = (rated voltage in kV + 1) x 304.8/(length of cable in meters)

R in megohms = (rated voltage in kV + 1) x 1000/(length of cable in feet)
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Each cable failing this test shall be repaired or replaced.  The repaired 
cable system shall then be retested until failures have been eliminated.

3.15.3.1   Low Voltage Cable Tests

a.  Continuity test.

b.  Insulation resistance test.

3.15.4   Motor Tests

a.  Phase rotation test to ensure proper directions.

b.  Operation and sequence of reduced voltage starters.

c.  High potential test on each winding to ground.

d.  Insulation resistance of each winding to ground.

e.  Vibration test.

f.  Dielectric absorption test on motor and starter.

3.15.5   Circuit Breaker Tests

The following field tests shall be performed on circuit breakers.

3.15.5.1   Circuit Breakers, Low Voltage

a.  Insulation resistance test phase-to-phase, all combinations.

b.  Insulation resistance test phase-to-ground, each phase.

c.  Closed breaker contact resistance test.

d.  Manual and electrical operation of the breaker.

3.16   OPERATING TESTS

After the installation is completed, and at such time as the Contracting 
Officer may direct, the Contractor shall conduct operating tests for 
approval.  The equipment shall be demonstrated to operate in accordance 
with the specified requirements.  An operating test report shall be 
submitted in accordance with paragraph FIELD TEST REPORTS.

3.17   ACCEPTANCE

Final acceptance of the facility will not be given until the Contractor has 
successfully completed all tests and after all defects in installation, 
material or operation have been corrected.

        -- End of Section --
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SECTION 16528

EXTERIOR LIGHTING INCLUDING SECURITY APPLICATIONS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO LTS-3 (1994) Standard Specifications for 
Structural Supports for Highway Signs, 
Luminaires and Traffic Signals

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C78.1 (1991; C78.1a; R 1996) Fluorescent Lamps - 
Rapid-Start Types - Dimensional and 
Electrical Characteristics

ANSI C78.1350 (1990) Electric Lamps - 400-Watt, 
100-Volt, S51 Single-Ended High-Pressure 
Sodium Lamps

ANSI C78.1351 (1989) Electric Lamps - 250-Watt, 100-Volt 
S50 Single-Ended High-Pressure Sodium Lamps

ANSI C78.1352 (1990) Electric Lamps - 1000-Watt, 
250-Volt, S52 Single-Ended High-Pressure 
Sodium Lamps

ANSI C78.1355 (1989) Electric Lamps - 150-Watt, 55-Volt 
S55 High-Pressure Sodium Lamps

ANSI C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANSI C82.4 (1992) Ballasts for 
High-Intensity-Discharge and Low-Pressure 
Sodium Lamps (Multiple-Supply Type)

ANSI C119.1 (1986; R 1997) Sealed Insulated 
Underground Connector Systems Rated 600 
Volts

ANSI C135.1 (1979) Galvanized Steel Bolts and Nuts for 
Overhead Line Construction

ANSI C135.14 (1979) Staples with Rolled or Slash Points 
for Overhead Line Construction
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ANSI C136.2 (1996) Luminaires, Voltage Classification 
Roadway Lighting Equipment

ANSI C136.3 (1995) Roadway Lighting 
Equipment-Luminaire Attachments

ANSI C136.6 (1997) Roadway Lighting Equipment - Metal 
Heads and Reflector Assemblies - 
Mechanical and Optical Interchangeability

ANSI C136.9 (1990) Roadway Lighting - Socket Support 
Assemblies for Use in Metal Heads - 
Mechanical Interchangeability

ANSI C136.10 (1996) Roadway Lighting- Locking-Type 
Photocontrol Devices and Mating 
Receptacles - Physical and Electrical 
Interchangeability and Testing 

ANSI C136.11 (1995) Multiple Sockets for Roadway 
Lighting Equipment

ANSI C136.15 (1986) Roadway Lighting, 
High-Intensity-Discharge and Low-Pressure 
Sodium Lamps in Luminaires - 

ANSI O5.1 (1992) Specifications and Dimensions for 
Wood Poles 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 48 (1994a) Gray Iron Castings

ASTM A 123/A 123M (1997ael) Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products

ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 575 (1996) Steel Bars, Carbon, Merchant 
Quality, M-Grades

ASTM A 576 (1990b; R 1995) Steel Bars, Carbon, 
Hot-Wrought, Special Quality

ASTM B 2 (1994) Medium-Hard-Drawn Copper Wire

ASTM B 8 (1995) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM C 478 (1997) Precast Reinforced Concrete Manhole 
Sections

ASTM D 1654 (1992) Evaluation of Painted or Coated 
Specimens Subjected to Corrosive 
Environments
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AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA)

AWPA C4 (1995) Poles - Preservative Treatment by 
Pressure Processes

AWPA P1/P13 (1995) Standard for Coal Tar Creosote for 
Land and Fresh Water and Marine (Coastal 
Water Use)

AWPA P8 (1997) Standards for Oil-Borne 
Preservatives

AWPA P9 (1997) Standards for Solvents for Organic 
Preservative Systems

ILLUMINATING ENGINEERING SOCIETY OF NORTH AMERICA (IESNA)

IESNA RP-8 (1983; R 1993) Roadway Lighting

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

IEEE C136.13 (1987; R 1997) Metal Brackets for Wood 
Poles

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (1991) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (1993) Industrial Control and Systems

NEMA ICS 2 (1993) Industrial Control and Systems 
Controllers, Contactors, and Overload 
Relays Rated Not More Than 2,000 Volts AC 
or 750 Volts DC Assemblies

NEMA ICS 6 (1993) Industrial Control and Systems, 
Enclosures

NEMA OS 1 (1996) Sheet-Steel Outlet Boxes, Device 
Boxes, Covers, and Box Supports

NEMA OS 2 (1986; Errata Aug 1986; R 1991) 
Nonmetallic Outlet Boxes, Device Boxes, 
Covers and Box Supports

NEMA RN 1 (1989) Polyvinyl-Chloride (PVC) Externally 
Coated Galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

NEMA TC 6 (1990) PVC and ABS Plastic Utilities Duct 
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for Underground Installation

NEMA TC 9 (1990) Fittings for ABS and PVC Plastic 
Utilities Duct for Underground Installation

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 44 (1997; Rev Mar 1999) Rubber-Insulated 
Wires and Cables

UL 98 (1994; Rev thru Jun 1998) Enclosed and 
Dead-Front Switches

UL 467 (1993; Rev Aug 1996) Grounding and Bonding 
Equipment

UL 486A (1997; Rev thru Dec 1998) Wire Connectors 
and Soldering Lugs for Use with Copper 
Conductors

UL 486B (1997; Rev Jun 1997) Wire Connections for 
Use with Aluminum Conductors

UL 514A (1996; R Jul 1998) Metallic Outlet Boxes

UL 514B (1996; R Oct 1998) Fittings for Conduit 
and Outlet Boxes

UL 514C (1996; R Sep 1998) Nonmetallic Outlet 
Boxes, Flush-Device Boxes, and Covers

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 
80 Rigid PVC Conduit

UL 651A (1995; Rev thru Apr 1998) Type EB and A 
Rigid PVC Conduit and HDPE Conduit

UL 854 (1996; Rev Apr 1998) Service-Entrance 
Cables

UL 1029 (1994; Rev thru Dec 1997) 
High-Intensity-Discharge Lamp Ballasts

UL 1571 (1995; Rev thru Jun 1997) Incandescent 
Lighting Fixtures

UL 1572 (1995; Rev thru Jun 1997) High Intensity 
Discharge Lighting Fixtures

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
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used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Lighting System.

Detail drawings for the complete system and for poles, lighting fixtures, 
bracket arms, handholes.

As-Built Drawings.

Final as-built drawings shall be finished drawings on mylar or vellum and 
shall be delivered with the final test report.

SD-03 Product Data

Equipment and Materials.

Data published by the manufacturer of each item on the list of equipment 
and material, to permit verification that the item proposed is of the 
correct size, properly rated or applied, or is otherwise suitable for the 
application and fully conforms to the requirements specified.

SD-06 Test Reports

Operating Test.

Test procedures and reports for the Operating Test.  After receipt by the 
Contractor of written approval of the test procedures, the Contractor shall 
schedule the tests.  The final test procedures report shall be delivered 
after completion of the tests.

Ground Resistance Measurements.

The measured resistance to ground of each separate grounding installation, 
indicating the location of the rods, the resistance of the soil in ohms per 
millimeter and the soil conditions at the time the measurements were made.  
The information shall be in writing.

SD-10 Operation and Maintenance Data

Lighting System.

A draft copy of the operation and maintenance manuals, prior to beginning 
the tests for use during site testing.  Final copies of the manuals as 
specified bound in hardback, loose-leaf binders, within 30 days after 
completing the field test.  The draft copy used during site testing shall 
be updated with any changes required, prior to final delivery of the 
manuals.  Each manual's contents shall be identified on the cover.  The 
manual shall include names, addresses, and telephone numbers of each 
subcontractor installing equipment and systems, and nearest service 
representatives for each item of equipment for each system.  The manuals 
shall have a table of contents and tab sheets.  Tab sheets shall be placed 
at the beginning of each chapter or section and at the beginning of each 
appendix.  The final copies delivered after completion of the field test 
shall include modifications made during installation checkout and 
acceptance.
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1.3   SYSTEM DESCRIPTION

1.3.1   Lighting System

The lighting system shall be configured as specified and shown.  The system 
shall include all fixtures, hardware, poles, cables, connectors, adapters 
and appurtenances needed to provide a fully functional lighting system.

1.3.2   Electrical Requirements

The equipment shall operate from a voltage source as shown, plus or minus 
10 percent, and 60 Hz, plus or minus 2 percent.

1.3.3   Interface Between Lighting System and Power Distribution

Conductors shall be as indicated.

1.3.4   Nameplates

Each major component of equipment shall have a nonferrous metal or engraved 
plastic nameplate which shall show, as a minimum, the manufacturer's name 
and address, the catalog or style number, the electrical rating in volts, 
and the capacity in amperes or watts.

1.3.5   Standard Products

Materials and equipment shall be standard products of manufacturer 
regularly engaged in the manufacture of such products.  Items of equipment 
shall essentially duplicate equipment that has been in satisfactory use at 
least 2 years prior to bid opening.

1.4   CORROSION PROTECTION

1.4.1   Aluminum Materials

Aluminum shall not be used in contact with earth or concrete.  Where 
aluminum conductors are connected to dissimilar metal, fittings conforming 
to UL 486B shall be used.

1.4.2   Ferrous Metal Materials

1.4.2.1   Hardware

Ferrous metal hardware shall be hot-dip galvanized in accordance with ASTM 
A 153/A 153M and ASTM A 123/A 123M.

1.4.2.2   Equipment

Equipment and component items, including but not limited to metal poles and 
ferrous metal luminaires not hot-dip galvanized or porcelain enamel 
finished, shall be provided with corrosion-resistant finishes which shall 
withstand 480 hours of exposure to the salt spray test specified in ASTM B 
117 without loss of paint or release of adhesion of the paint primer coat 
to the metal surface in excess of 1.6 mm (1/16 inch)  from the test mark.  
The scribed test mark and test evaluation shall have a rating of not less 
than 7 in accordance with TABLE 1, (procedure A) of ASTM D 1654.  Cut edges 
or otherwise damaged surfaces of hot-dip galvanized sheet steel or mill 
galvanized sheet steel shall be coated with a zinc rich paint conforming to 
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the manufacturer's standard.

1.4.3   Finishing

Painting required for surfaces not otherwise specified and finish painting 
of items only primed at the factory, shall be as specified in Section 09900 
PAINTING, GENERAL.

PART 2   PRODUCTS

2.1   STANDARD PRODUCT

Material and equipment shall be the standard product of a manufacturer 
regularly engaged in the manufacture of the product and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  Items of the same classification shall be identical 
including equipment, assemblies, parts, and components.

2.2   BRACKET ARMS

2.2.1   On Aluminum, Steel, Fiberglass, and Concrete Poles

Poles shall be provided with bracket arms of the support arm style and of 
the length indicated on drawings.  Bracket arms shall conform to the design 
of the pole provided.  The bracket arms shall be capable of supporting the 
equipment to be mounted on it with the maximum wind and ice loading 
encountered at the site.  Strength of bracket arms shall be in accordance 
with IEEE C136.13.  Steel brackets shall be galvanized.  Wood bracket arms 
shall not be used.

2.2.2   On Wood Poles

Poles shall be in accordance with IEEE C136.13 provided with galvanized 
steel pipe bracket arms coordinated for pole attachment.  The bracket arm 
shall be cantilever without underbrace, cantilever with underbrace, single 
tie brace, double tie brace, truss, A-frame.  The bracket arm shall be of 
the length indicated on drawings.

2.2.3   Floodlight Brackets

Floodlight brackets shall be coordinated with the floodlight support 
provided.

2.3   CABLE

The Contractor shall provide all wire and cable not indicated as government 
furnished equipment.  Wire and cable components shall be able to withstand 
the jobsite environment for a minimum of 20 years.

2.3.1   Insulated Cable

Cable shall be type USE conforming to UL 854, with copper conductors and 
type RHW or XHHW insulation conforming to UL 44, and shall include green 
ground conductor.  Cable shall be provided with insulation of a thickness 
not less than that given in column A of TABLE 15.1 of UL 854.  Cable shall 
be rated 600 volts.  Parts of the cable system such as splices and 
terminations shall be rated not less than 600 volts.  The size and number 
of conductors and the number of cables shall be as indicated.  Conductors 
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larger than No. 8 AWG shall be stranded.

2.3.2   Bare Copper Conductors

Medium-hard-drawn copper conductors shall conform to ASTM B 2 and ASTM B 8.

2.4   CABLE SPLICES AND CONNECTORS

Cable splices  and  connectors shall conform to UL 486A.  Underground 
splices and connectors shall also conform to the requirements of ANSI C119.1.

2.5   CABLE BOXES

Boxes and covers shall be made of cast iron with zinc coated or aluminized 
finish, and shall be of the sizes indicated on drawings.  The minimum 
inside dimensions shall be not less than 304.8 mm (12 inches)  square by 
152.4 mm (6 inches)  deep and not less than required to house the cable 
splice.  A suitable gasket shall be installed between the box and cover for 
watertightness.  A sufficient number of screws shall be installed to hold 
the cover in place along the entire surface of contact.  Grounding lugs 
shall be provided.

2.6   MANHOLES, HANDHOLES, AND PULLBOXES

Manholes, handholes, and pullboxes shall be as indicated.  Strength of 
manholes, handholes, and pullboxes and their frames and covers shall 
conform to the requirements of IEEE C2.  Precast concrete manholes shall 
have the required strength established by ASTM C 478.  Frames and covers 
for manholes shall be made of gray cast iron. A machine-finished seat shall 
be provided to ensure a matching joint between frame and cover.   Cast iron 
shall comply with ASTM A 48, Class 30B, minimum.  Handholes for low voltage 
cables installed in parking lots, sidewalks, and turfed areas shall be from 
an aggregate consisting of sand and with continuous woven glass strands 
having an overall compressive strength of at least 69 MPa (10,000 psi) and 
a flexural strength of at least 34.5 MPa (5,000 psi).  Pullbox and handhole 
covers in parking lots, sidewalks, and turfed areas shall be of the same 
material as the box.  Concrete pullboxes shall consist of precast 
reinforced concrete boxes, extensions, bases, and covers.  

2.7   CONDUIT, DUCTS AND FITTINGS

2.7.1   Conduit, Rigid Steel

Rigid steel conduit shall conform to ANSI C80.1 and UL 6.

2.7.2   Conduit Coatings

Underground metallic conduit and fittings shall be coated with a plastic 
resin system conforming to NEMA RN 1, Type 40.  Epoxy systems may also be 
used. 

2.7.3   Conduit Fittings and Outlets

2.7.3.1   Boxes, Metallic Outlets

NEMA OS 1 and UL 514A.

2.7.3.2   Boxes, Nonmetallic, Outlet and Flush-Device Boxes and Covers
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NEMA OS 2 and UL 514C.

2.7.3.3   Boxes, Switch (Enclosed), Surface Mounted

UL 98.

2.7.3.4   Fittings for Conduit and Outlet Boxes

UL 514B.

2.7.3.5   Fittings, PVC, for Use with Rigid PVC Conduit and Tubing

UL 514B.

2.7.4   Non-Metallic Duct

Non-metallic duct lines and fittings utilized for underground installation 
shall be suitable for the application.  Duct shall be thick-wall, single, 
round-bore type.  Material of one type shall be used.  
Acrylonitrile-butadiene-styrene (ABS) duct shall conform to NEMA TC 6and 
NEMA TC 9.  High-density conduit shall conform to UL 651A.  Schedule 40 
polyvinyl chloride (PVC) shall conform to UL 651.  Plastic utility duct and 
fittings manufactured without a UL label or listing shall be provided with 
a certification as follows:  "The materials are suitable for use with 75 
degree C (167 degrees F)  wiring.  No reduction of properties in excess of 
that specified for materials with a UL label or listing will be experienced 
if samples of the finished product are operated continuously under the 
normal conditions that produce the highest temperature in the duct."

2.8   GROUND RODS

Ground rods shall be of copper clad steel conforming to UL 467 not less 
than 19.1 mm (3/4 inch) in diameter by 3.1 m (10 feet) in length of the 
sectional type driven full length into earth.

2.9   POLES

Metal and concrete poles shall be the pole manufacturer's standard design 
for supporting the number of fixtures indicated.  Poles shall be designed 
for a wind velocity of 49.2 meters per second (110 mph)  at the base of the 
pole, for a wind gust factor of 1.3, and for the height and drag factors 
recommended by AASHTO LTS-3.  The effective projected area of luminaires 
and other pole-mounted devices shall be taken into account in pole design.  
Poles shall have grounding provisions.  The type of pole shaft material 
provided shall not be mixed on any project.  Grounding connection shall be 
provided near the bottom of each metal pole and at each concrete pole 
anchor base.  Scratched, stained, chipped, or dented poles shall not be 
installed.

2.9.1   Aluminum Poles

Aluminum poles and brackets for street lighting shall have a uniform satin 
finish to match fixtures and shall not be painted.  Manufacturer's standard 
provision shall be made for protecting the finish during shipment and 
installation.  Minimum protection shall consist of spirally wrapping each 
pole shaft with protective paper secured with tape, and shipping small 
parts in boxes.

a.  Shafts shall be round and of seamless construction.  The wall 
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thickness shall be at least 4.8 mm (0.188 in).  Exterior surfaces 
shall be free of protuberances, dents, cracks, and discoloration.  
Material for shafts shall be 6063 aluminum alloy; after 
fabrication, the alloy shall have a T6 temper.  Tops of shafts 
shall be fitted with a round or tapered cover.  Bases shall be 
anchor bolt mounted, made of cast aluminum alloy 356-T6, and shall 
be machined to receive the lower end of shafts.  Joints between 
shafts and bases shall be welded.  Bases shall be provided with 
four holes, spaced 90 degrees apart, for anchorage.

b.  Hardware, except anchor bolts, shall be either 2024-T4 anodized 
aluminum alloy or stainless steel.

2.9.2   Concrete Poles

Concrete poles shall be designed to withstand the loads specified in IEEE C2
multiplied by the appropriate overload capacity factors.  Poles shall be 
reinforced or prestressed, either cast or spun.  Spun poles shall be 
manufactured by a centrifugal spinning process with concrete pumped into a 
polished round tapered metal mold.  Concrete for spun poles shall have a 
compressive strength of at least 34.5 MPa (5,000 psi)  at 28 days; steel 
wire shall have an ultimate tensile strength of at least 827 MPa (120,000 
psi);  and reinforcing bars shall have an ultimate tensile strength of at 
least 276 MPa (40,000 psi).  After the high speed spinning action is 
completed, a spun pole shall be cured by a suitable wet steam process.  
Spun poles shall have a water absorption of not greater than 3 percent to 
eliminate cracking and to prevent erosion.  Concrete poles shall have 
hollow shafts.  Poles shall have a hard, smooth, nonporous surface that is 
resistant to soil acids, road salts, and attacks of water and frost.  Poles 
shall not be installed for at least 15 days after manufacture.  Fittings 
and brackets that conform to the concrete pole design shall be provided.  
Poles shall conform to strength calculations performed by a registered 
professional engineer and submitted in accordance with detail drawings 
portion of paragraph SUBMITTALS.

2.9.3   Wood Poles

Wood poles shall conform to ANSI O5.1.  Poles shall be pressure treated in 
accordance with AWPA C4 with creosote conforming to AWPA P1/P13 and 
oil-borne preservatives and petroleum conforming to AWPA P8 and AWPA P9.  
Species listed in ANSI O5.1 for which a preservative treatment is not 
specified in AWPA C4 shall not be used.  Northern white cedar may be used 
if treated as specified for western red cedar, and western fir may be used 
if treated as specified for Douglas fir.  Pole markings shall be located 
approximately 3 m  from the butt of the pole or as approved.  Poles shall 
be machine trimmed by turning smooth full length and shall be roofed, 
gained, and bored before pressure treatment.

2.9.4   Anchor Bolts

Anchor bolts shall be the pole manufacturer's standard, but not less than 
necessary to meet the pole wind and ice loading, herein and other specified 
design requirements.

2.10   POLE LINE HARDWARE

Zinc coated hardware shall conform to ANSI C135.1 and ANSI C135.14, and 
steel hardware material shall conform to ASTM A 575 and ASTM A 576.  
Hardware shall be hot-dip galvanized in accordance with ASTM A 153/A 153M.
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2.11   ELECTRICAL ENCLOSURES

The Contractor shall provide metallic enclosures as needed to house the 
lighting equipment.  Enclosures shall conform to NEMA ICS 6 and NEMA 250.  
Enclosures shall be provided with lockable or padlock handles.  Keys for 
lockable enclosures shall be delivered to the Contracting Officer.  The 
enclosures shall be as specified or as shown on the drawings.

2.11.1   Interior Enclosures

Enclosures to house lighting equipment in an interior environment shall 
meet the requirements of a NEMA 12 enclosure as defined in NEMA 250.

2.11.2   Exposed-to-Weather Enclosures

Enclosures to house lighting equipment in an outdoor environment shall meet 
the requirements of a NEMA 4 enclosure as defined in NEMA 250.

2.12   ILLUMINATION

2.12.1   Roadway Lighting

Luminaires, ballasts, lamps, and control devices required for roadway 
lighting shall be in accordance with the drawings.

2.13   LAMPS AND BALLASTS, HIGH INTENSITY DISCHARGE (HID) SOURCES

2.13.1   High-Pressure Sodium

Lamps shall conform to ANSI C78.1350 or ANSI C78.1351 or ANSI C78.1352 or 
ANSI C78.1355.  Ballasts shall conform to ANSI C82.4, or UL 1029.  
High-pressure sodium lamps shall be clear.

2.14   LUMINAIRE COMPONENTS

Luminaire components shall conform to the following:  attachments, ANSI 
C136.3; voltage classification, ANSI C136.2; field identification marking, 
ANSI C136.15; interchangeability, ANSI C136.6 and ANSI C136.9; and sockets, 
ANSI C136.11.

2.15   LIGHTING CONTROL EQUIPMENT

2.15.1   Photo-Control Devices

Photo-control devices shall conform to ANSI C136.10.  Each photo-control 
element shall be a replaceable, weatherproof, plug-in or twist-lock 
assembly adjustable operation range of approximately 5.4 to 53.8 lux. (0.5 
to 5.0 foot-candles).  Luminaires shall be equipped with weatherproof 
plug-in or twist-lock receptacle to receive the photo-control element.

2.15.2   Timer Control Switches

Astronomic dial type arranged to turn "ON" at sunset, and turn "OFF" at a 
pre-determined time between 2030 hours and 0230 hours hours or sunrise, 
automatically changing the settings each day in accordance with seasonal 
changes of sunset and sunrise shall be provided.  A switch rated 120 volts, 
having automatically wound spring mechanism to maintain accurate time for a 
minimum of 7 hours following a power failure shall be provided.  A time 
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switch with a manual on-off bypass switch shall be provided.  Housing for 
the time switch shall be a surface mounted, NEMA 1 (indoor) enclosure 
conforming to NEMA ICS 6.

2.15.3   Magnetic Contactor

Magnetic contactors shall be mechanically held, electrically operated, and 
shall conform to NEMA ICS 1 and NEMA ICS 2.  The contactor shall be 
suitable for 120 volts, single phase, 60 Hz.  Coil voltage shall be 120 
volts.  Maximum continuous ampere rating and number of poles shall be as 
indicated on drawings.  Enclosures for contactors mounted indoors shall be 
NEMA ICS 6, Type 1.  Each contactor shall be provided with a spare, 
normally open auxiliary contact.  Terminal lugs shall be coordinated with 
the wire size.

2.16   PHOTOMETRIC DISTRIBUTION CLASSIFICATION

Photometrics shall conform to IESNA RP-8.

2.17   LUMINAIRES, FLOODLIGHTING

2.17.1   HID and Incandescent

HID lighting fixtures shall conform to UL 1572.  Incandescent lighting 
fixtures shall conform to UL 1571.

2.17.2   Fluorescent

Fluorescent lamps shall conform to ANSI C78.1.

2.18   FIXTURES

Special fixtures shall be as indicated on the drawings.  Illustrations 
shown on these sheets or on the drawings are indicative of the general type 
desired and are not intended to restrict selection to fixtures of any 
particular manufacturer.  Fixtures of similar design, equivalent light 
distribution and brightness characteristics, equal finish and quality will 
be acceptable as approved.

2.18.1   Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be 
provided for proper installation.

2.18.2   In-Line Fuse

An in-line fuse shall be provided for each fixture, and shall consist of a 
fuse and a UL approved waterproof fuse holder rated as indicated, with 
insulated boots.  Fuse rating shall be 600 volts.

PART 3   EXECUTION

3.1   GENERAL

The Contractor shall install all system components, including government 
furnished equipment, and appurtenances in accordance with the 
manufacturer's instructions, IEEE C2, and contract documents, and shall 
furnish necessary hardware, fixtures, cables, wire, connectors, 
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interconnections, services, and adjustments required for a complete and 
operable system.

3.1.1   Current Site Conditions

The Contractor shall verify that site conditions are in agreement with the 
design package.  The Contractor shall report all changes to the site or 
conditions that will affect performance of the system to the Government.  
The Contractor shall not take any corrective action without written 
permission from the Government.

3.1.2   Existing Equipment

The Contractor shall connect to and utilize existing lighting equipment and 
devices as shown.  Lighting equipment that is usable in their original 
configuration without modification may be reused with Government approval.  
The Contractor shall perform a field survey, including testing and 
inspection of existing lighting equipment and control lines intended to be 
incorporated into the lighting system, and furnish a report to the 
Government.  For those items considered nonfunctioning, specification 
sheets, or written functional requirements to support the findings and the 
estimated cost to correct the deficiency shall be provided with the report. 
 As part of the report, the Contractor shall include the scheduled need 
date for connection to all existing equipment.  The Contractor shall make 
written requests and obtain approval prior to disconnecting any control 
lines and equipment, and creating equipment downtime.  Such work shall 
proceed only after receiving Government approval of these requests.  If any 
device fails after the Contractor has commenced work on that device, the 
Contractor shall diagnose the failure and perform any necessary corrections 
to the equipment.  The Government is responsible for maintenance and repair 
of Government equipment.  The Contractor shall be held responsible for 
repair costs due to Contractor negligence or abuse of Government equipment.

3.2   ENCLOSURE PENETRATIONS

Enclosure penetrations shall be from the bottom unless the system design 
requires penetrations from other directions.  Penetrations of interior 
enclosures involving transitions of conduit from interior to exterior, and 
penetrations on exterior enclosures shall be sealed with rubber silicone 
sealant to preclude the entry of water.  The conduit riser shall terminate 
in a hot-dipped galvanized metal cable terminator.  The terminator shall be 
filled with an approved sealant as recommended by the cable manufacturer, 
and in such a manner that the cable is not damaged.

3.3   PREVENTION OF CORROSION

3.3.1   Aluminum

Aluminum shall not be used in contact with earth or concrete, and where 
connected to dissimilar metal, shall be protected by approved fittings and 
treatment.

3.3.2   Steel Conduits

Steel conduits shall not be installed within concrete slabs-on-grade.  
Steel conduits installed underground or under slabs-on-grade, or 
penetrating slabs-on-grade, shall be field wrapped with 254 micrometers 
(0.010 inch)  thick pipe-wrapping plastic tape applied with a 50 percent 
overlap, or shall have a factory-applied plastic resin, epoxy coating.  
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Zinc coating may be omitted from steel conduit which has a factory-applied 
epoxy coating.

3.3.3   Cold Galvanizing

Field welds and/or brazing on factory galvanized boxes, enclosures, 
conduits, etc. shall be coated with a cold galvanized paint containing at 
least 95 percent zinc by weight.

3.4   CABLE INSTALLATION

Cable and all parts of the cable system such as splices and terminations 
shall be rated not less than 600 volts.  The size and number of conductors 
and the number of cables shall be as indicated.  Conductors larger than No. 
 8 AWG shall be stranded.  Each circuit shall be identified by means of 
fiber or nonferrous metal tags, or approved equal, in each handhole and at 
each terminal.

3.4.1   Splices

Splices below grade shall be made with nonpressure-filled resin systems 
using transparent, interlocking, self-venting, longitudinally split plastic 
molds.  Splices above grade shall be made with sealed insulated pressure 
connectors and shall provide insulation and jacket equal to that of the 
cable.  In order to prevent moisture from entering the splice, jackets 
shall be cut back to expose the required length of insulation between the 
jacket and the tapered end of the insulation.

3.4.2   Installation in Duct Lines

Ground and neutral conductors shall be installed in duct with the 
associated phase conductors.  Cable splices shall be made in handholes only.

3.5   CONNECTIONS TO BUILDINGS

Cables shall be extended into the various buildings as indicated and shall 
be properly connected to the indicated equipment.  Empty conduits to the 
indicated equipment from a point 1.5 m (5 feet) outside the building wall 
and 600 mm (2 feet) below finished grade are specified in Section 16415 
ELECTRICAL WORK, INTERIOR.  After installation of cables, conduits shall be 
sealed to prevent moisture or gases from entering the building.

3.6   DUCT LINES

3.6.1   Requirements

Numbers and size of ducts shall be as indicated.  Duct lines shall be laid 
with a minimum slope of 100 mm per 30 m.   Depending on the contour of the 
finished grade, the high point may be at a terminal, a manhole, a handhole, 
or between manholes or handholes.  Short radius manufactured 90 degree duct 
bends may be used only for pole or equipment risers, unless specifically 
indicated as acceptable.  The minimum manufactured bend radius shall be 450 
mm (18 inches)  for ducts of less than 80 mm (3 inches)  in diameter, and 
900 mm (36 inches)  for duct 80 mm (3 inches)  or greater in diameter.  
Otherwise, long sweep bends having a minimum radius of 7.6 m (25 feet)  
shall be used for a change of direction of more than 5 degrees, either 
horizontally or vertically.  Both curved and straight sections may be used 
to form long sweep bends, but the maximum curve used shall be 30 degrees 
and manufactured bends shall be used.  Ducts shall be provided with end 
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bells when duct lines terminate in manholes or handholes.

3.6.2   Treatment

Ducts shall be kept clean of concrete, dirt, or foreign substances during 
construction.  Field cuts requiring tapers shall be made with proper tools 
and shall match factory tapers.  A coupling recommended by the duct 
manufacturer shall be used when an existing duct is connected to a duct of 
different material or shape.  Ducts shall be stored to avoid warping and 
deterioration with ends sufficiently plugged to prevent entry of any water 
or solid substances.  Ducts shall be thoroughly cleaned before being laid.  
Plastic ducts shall be stored on a flat surface and protected from the 
direct rays of the sun.

3.6.3   Concrete Encasement

Ducts requiring concrete encasements shall comply with NFPA 70 except that 
electrical duct bank configurations for ducts 150 mm (6 inches)  in 
diameter shall be determined by calculation and as shown on the drawings.  
Duct line encasements shall be monolithic construction.  Where a connection 
is made to a previously poured encasement, the new encasement shall be well 
bonded or doweled to the existing encasement.  At any point, except 
railroad and airfield crossings, tops of concrete encasements shall not be 
less than the cover requirements listed in NFPA 70.  At railroad and 
airfield crossings, duct lines shall be encased with concrete and 
reinforced as indicated to withstand specified surface landings.  Tops of 
concrete encasement shall not be less than 1.5 m  below tops of rails or 
airfield paving unless otherwise indicated.  Where ducts are jacked under 
existing pavement, rigid steel conduit shall be installed.  To protect the 
corrosion-resistant conduit coating, predrilling or installing conduit 
inside a larger iron pipe sleeve (jack-and-sleeve) is required.  For 
crossings of existing railroads and airfield pavements greater than 15 m  
in length, the predrilling method or the jack-and-sleeve method shall be 
used.  Separators or spacing blocks shall be made of steel, concrete, 
plastic, or a combination of these materials placed not more than 1.2 m  on 
centers.  Ducts shall be securely anchored to prevent movement during the 
placement of concrete, and joints shall be staggered at least 150 mm  
vertically.

3.6.4   Installation of Couplings

Joints in each type of duct shall be made up in accordance with the 
manufacturer's recommendation for the particular type of duct and coupling 
selected and as approved.

3.6.4.1   Plastic Duct

Duct joints shall be made by brushing a plastic solvent on insides of 
plastic coupling fittings and on outsides of duct ends.  Each duct and 
fitting shall then be slipped together with a quick 1/4 turn to set the 
joint tightly.

3.6.5   Concrete

Concrete work shall be as specified in Section 03307 CONCRETE FOR MINOR 
STRUCTURES.  Concrete shall be plain, 17 MPa (2500 psi)  at 28 days, except 
that reinforced concrete shall be 21 MPa (3000 psi) at 28 days.  Duct line 
encasement shall be of monolithic construction.  Where a connection is made 
to an existing duct line, the concrete encasement shall be well bonded or 
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doweled to the existing encasement.

3.6.6   Duct Line Markers

Duct line markers shall be provided as indicated. In addition to markers, a 
0.127 mm (5 mil) brightly colored plastic tape, not less than 75 mm (3 
inches) in width and suitably inscribed at not more than 3 m (10 feet) on 
centers with a continuous metallic backing and a corrosion-resistant 0.0254 
mm (1 mil) metallic foil core to permit easy location of the duct line, 
shall be placed approximately 300 mm (12 inches below finished grade levels 
of such lines.

3.7   HANDHOLES

The exact locations shall be determined after carefully considering the 
locations of other utilities, grading, and paving.  Exact locations shall 
be approved before construction is started.

3.7.1   Construction

Handholes shall be constructed as indicated on drawings, including 
appurtenances.  Top, walls, and bottom shall consist of reinforced 
concrete.  Walls and bottom shall be of monolithic construction.  Concrete 
shall be 21 MPa (3000 psi) at 28 days.  Precast concrete handholes having 
the same strength and inside dimensions as cast-in-place concrete handholes 
may be used.  In paved areas, the top of entrance covers shall be flush 
with the finished surface of the paving.  In unpaved areas, the top of 
entrance covers shall be approximately 15 mm (1/2 inch) above the finished 
grade.  Where finished grades are in cut areas, unmortared brick shall be 
installed between the top of handhole and entrance frame to temporarily 
elevate the entrance cover to existing grade level.  Where duct lines enter 
walls, the sections of duct may be cast in the concrete or may enter the 
wall through a suitable opening.  The openings around entering duct lines 
shall be caulked tight with lead wool or other approved material.

3.7.2   Appurtenances

The following appurtenances shall be provided for each handhole.

3.7.3   Cable Pulling-In Irons

A cable pulling-in iron shall be installed in the wall opposite each duct 
line entrance.

3.7.4   Ground Rods

In each handhole, at a convenient point close to the wall, a ground rod 
conforming to paragraph GROUNDING shall be driven into the earth before the 
floor is poured; approximately 100 mm (4 inches) of the ground rod shall 
extend above the floor after pouring.  When precast concrete units are 
used, the top of the ground rod may be below the floor; a No. 1/0 AWG 
copper ground conductor shall be brought inside through a watertight sleeve 
in the wall.

3.8   POLE INSTALLATION

Pole lengths shall provide a luminaire mounting height of 9.1 m (30 feet)  
Luminaire mounting height may be increased by the height of the transformer 
base where required.  Electrical cabling shall be provided to the light 
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pole as specified in Section 16375, ELECTRICAL DISTRIBUTION SYSTEM, 
UNDERGROUND.  The mount interfaces shall have ac power connected, and the 
pole wiring harness shall be connected to the luminaire.  Light poles shall 
not be installed outside the site or inside the perimeter zone.  Pole 
installation shall conform to the manufacturer's recommendations, NFPA 70, 
and IEEE C2.  Poles shall be set straight and plumb.

3.8.1   Pole Brackets

Brackets shall be installed as specified by the manufacturer and as shown 
on drawings.  Mounting hardware shall be sized appropriately to secure the 
mount, luminaire, and housing with wind and ice loading normally 
encountered at the site.  Identical brackets shall be used with one type of 
luminaire.

3.8.2   Concrete Foundations

Concrete foundations shall have anchor bolts accurately set in the 
foundation using a template supplied by the pole manufacturer.  Once the 
concrete has cured, the pole shall be set on the foundation, leveled on the 
foundation bolts, and secured with the holding nuts.  The space between the 
foundation and the pole base shall be grouted.  Concrete and grout work 
shall conform to Section 03307 CONCRETE FOR MINOR STRUCTURES.  Concrete 
shall be 21 MPa (3000 psi)  at 28 days.

3.8.3   Rigid Steel Conduit Ells

Rigid steel conduit ells shall be provided where specified or indicated on 
drawings.  Rigid steel conduit shall be connected to the ells and shall 
extend to a minimum height of 3 m  above grade.  Rigid steel conduit ells 
shall be provided for wood poles, where required

3.8.4   Wood Pole Installation

Wood poles shall be set straight and firm.  In normal firm ground, minimum 
pole-setting depths shall be as listed in Table II.  In rocky or swampy 
ground, pole-setting depths shall be decreased or increased as shown 
respectively in accordance with the local utility's published standards and 
as approved.  In swampy or soft ground, a bog shoe shall be used where 
support for a pole is required.  Poles in straight runs shall be in a 
straight line.  Curved poles shall be placed with curvatures in the 
direction of the pole line.  Poles shall be set to maintain as even a grade 
as practicable.  When the average ground run is level, consecutive poles 
shall not vary more than 1.5 m  in height.  When the ground is uneven, 
poles differing in length shall be kept to minimum by locating poles to 
avoid the highest and lowest ground points.  If it becomes necessary to 
shorten a pole, a piece shall be sawed off the top end and roofed.  If any 
pole is shortened after treatment, the shortened end of the pole shall be 
given an application of hot preservative.  Where poles are set on hilly 
terrain, along edges of cuts or embankments, or where soil may be washed 
out, special precautions shall be taken to ensure durable pole foundations, 
and the setting depth shall be measured from the lower side of the pole.  
Holes shall be dug large enough to permit proper use of tampers to the full 
depth of a hole.  Earth shall be placed into a hole in 15 cm  maximum 
layers, then thoroughly tamped before the next layer is placed.  Surplus 
earth shall be placed around a pole in a cone and packed tightly to drain 
water from poles.
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TABLE I - MINIMUM POLE-SETTING DEPTH
(Meters)

                                                           Curves,
Length                                                     Corners, and
Overall                      Straight                      Points of
Meters                       Lines                         Extra Strain

  6.1                          1.5                           1.5
  7.6                          1.7                           1.7
  9.2                          1.7                           1.7
  10.7                         1.8                           1.8
  12.2                         1.8                           2.0
  13.7                         2.0                           2.1
  15.2                         2.1                           2.3
  16.7                         2.3                           2.5
  18.3                         2.5                           2.6

TABLE I - MINIMUM POLE-SETTING DEPTH
(Feet and Inches)

                                                           Curves,
Length                                                     Corners, and
Overall                      Straight                      Points of
Feet                         Lines                         Extra Strain

  20                           5-0                           5-0
  25                           5-6                           5-6
  30                           5-6                           5-6
  35                           6-0                           6-0
  40                           6-0                           6-6
  45                           6-6                           7-0
  50                           7-0                           7-6
  55                           7-6                           8-0
  60                           8-0                           8-6

3.8.5   Aluminum, Steel, Fiberglass and Concrete Pole Installation

Poles shall be mounted on cast-in-place or power-installed screw 
foundations.  Concrete poles shall be embedded in accordance with the 
details shown.  Conduit elbows shall be provided for cable entrances into 
pole interiors.

3.8.5.1   Cast-In-Place Foundations

Concrete foundations, sized as indicated, shall have anchor bolts 
accurately set in foundations using templates supplied by the pole 
manufacturer.  Concrete work and grouting is specified in Section 03307 
CONCRETE FOR MINOR STRUCTURES.  After the concrete has cured, pole anchor 
bases shall be set on foundations and leveled by shimming between anchor 
bases and foundations or by setting anchor bases on leveling nuts and 
grouting.  Poles shall be set plumb.  Anchor bolts shall be the 
manufactures standard, and not less than necessary to meet the pole wind 
loading and other specified design requirements.

3.9   LIGHTING
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3.9.1   Lamps

Lamps of the proper type, wattage, and voltage rating shall be delivered to 
the project in the original containers and installed in the fixtures just 
before completion of the project.

3.9.2   Fixture Installation

Special fixtures shall be as indicated on drawings.  Illustrations shown on 
these sheets or on the drawings are indicative of the general type desired 
and are not intended to restrict selection of fixtures to any particular 
manufacturer.  Fixtures of similar design, equivalent light-distribution 
and brightness characteristics, and equal finish and quality will be 
acceptable as approved.

3.9.2.1   Accessories

Accessories such as straps, mounting plates, nipples, or brackets shall be 
installed as required for proper installation.

3.9.2.2   In-Line Fuses

An in-line fuse shall be provided for each fixture.

3.10   LIGHTING CONTROL SYSTEM

3.10.1   Photo-Control

Lighting luminaires shall be individually controlled by photo-control 
elements mounted on the heads of the luminaires.

3.10.2   Time Control Switches

Switches shall be installed with not less than four 6.4 mm (1/4 inch)  
bolts.  The use of sheet metal screws will not be allowed.

3.10.3   Magnetic Contactors

Terminal lugs shall be coordinated with the wire size.  Switches shall be 
securely fastened to the supporting structure or wall using not less than 
four 6.4 mm (1/4 inch)  bolts.  The use of sheet metal screws will not be 
allowed.

3.11   GROUNDING

Grounding shall be in conformance with NFPA 70, the contract drawings, and 
the following.  Grounding conductors shall be soft-drawn, stranded copper.  
Ground rods shall be driven into the earth so that after the installation 
is complete, the top of the ground rod will be approximately 300 mm (1 foot)
 below finished grade, except in handholes.  Butt grounds shall not be used.

3.11.1   Ground Rods and Pole Butt Electrodes

The resistance to ground shall be measured using the fall-of-potential 
method described in IEEE Std 81.  The maximum resistance of a driven ground 
rod shall not exceed 25 ohms under normally dry conditions.  Whenever the 
required ground resistance is not met, additional electrodes shall be 
provided interconnected with grounding conductors to achieve the specified 
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ground resistance.  The additional electrodes shall be up to three, 3 m (10 
feet)  long rods spaced a minimum of 3 m (10 feet) apart.  In high ground 
resistance, UL listed chemically charged ground rods may be used.  If the 
resultant resistance exceeds 25 ohms measured not less than 48 hours after 
rainfall, the Contracting Officer shall be notified immediately.  
Connections below grade shall be fusion welded.  Connections above grade 
shall be fusion welded or shall use UL 467 approved connectors.

3.11.2   Items to be Grounded

Ground conductors, metallic conduits, junction boxes, and 
noncurrent-carrying metallic parts of equipment shall be grounded. 
Connections above grade shall be made with solderless connectors, and those 
below grade shall be made by a fusion-welding process.

3.11.3   Lighting Pole

One ground rod shall be provided at each pole.  Bases of metal or concrete 
lighting poles shall be connected to ground rods by means of No. 8 AWG bare 
copper wire.  Lighting fixture brackets on wood and concrete poles shall be 
grounded to a No. 6 AWG bare copper grounding conductor connected to the 
ground rod.

3.11.4   Handhole

In each handhole, at a convenient point close to the wall, a ground rod 
shall be driven into the earth before the floor is poured, and 
approximately 100 mm  of the ground rod shall extend above the floor after 
pouring.  When precast concrete units are used, the top of the ground rod 
may be below the floor, and a No. 1/0 AWG copper ground conductor shall be 
brought inside through a watertight sleeve in the wall.  Connection to 
ground rods shall be by means of bolted-clamp terminals or by an approved 
fusion-welding process.  Ground wires shall be neatly and firmly attached 
to handhole walls, and the amount of exposed bare wire shall be held to a 
minimum.

3.11.5   Metal Cable Boxes

Metal cable boxes for direct-burial cable shall be connected to adjacent 
ground rods by wires with current-carrying capacities of at least 20 
percent of the spliced phase conductors, but not less than No. 6 AWG.

3.12   TESTS

3.12.1   Operating Test

After the installation is completed and at such time as the Contracting 
Officer may direct, the Contractor shall conduct an operating test for 
approval.  The equipment shall be demonstrated to operate in accordance 
with the requirements specified.  The test shall be performed in the 
presence of the Contracting Officer.  The Contractor shall furnish 
instruments and personnel required for the test, and the Government will 
furnish the necessary electric power.

3.12.2   Ground Resistance Measurements

The resistance to ground shall be measured by the fall-of-potential method 
described in IEEE Std 81.
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The contractor shall maintain a separate set of drawings, elementary 
diagrams and wiring diagrams of the lighting to be used for "as-built" 
drawings.  This set shall be accurately kept up to date by the Contractor 
with all changes and additions to the lighting system.  In addition to 
being complete and accurate, this set of drawings shall be kept neat and 
shall not be used for installation purposes.  Upon completion of the 
as-built drawings, a representative of the Government will review the 
as-built work with the Contractor.  If the as-built work is not complete, 
the Contractor will be so advised and shall complete the work as required.

        -- End of Section --
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SECTION 16600

TRAFFIC SIGNAL SYSTEM

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C80.1 (1994) Rigid Steel Conduit - Zinc Coated

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 615/A 615M (1996a) Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement

ASTM A 239 (1995) Locating the Thinnest Spot in a 
Zinc (Galvanized) Coating on Iron or Steel 
Articles

ASTM A 48 (1994; Rev. A) Gray Iron Castings

ASTM A 53 (1996) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated Welded and Seamless

ASTM B 3 (1995) Soft or Annealed Copper Wire

ASTM C 55 (1999) Concrete Brick

ASTM D 1047 (1995) Poly(Vinyl-Chloride) Jacket for 
Wire and Cable

ASTM D 1248 (1998) Polyethylene Plastics Extrusion 
Materials for Wire and Cable

CALIFORNIA DEPARTMENT OF TRANSPORTATION (CDT)

CALTRANS QPL (2001) Qualified Products List

FEDERAL HIGHWAY ADMINISTRATION (FHWA)

FHA MUTCD (1988) Manual on Uniform Traffic Control 
Devices

FHA TCDH (1983) Traffic Control Devices Handbook
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INTERNATIONAL MUNICIPAL SIGNAL ASSOCIATION (IMSA)

IMSA Cable Specification

IMSA 32 (1973) Copper-Covered Steel Messenger 
Strand, 30 Percent or 40 Percent 
Conductivity

HAWAII DEPARTMENT OF TRANSPORTATION HIGHWAYS DIVISION (DOT-HSSRBC)

DOT HSSRBC (1994) Hawaii Standard Specifications for 
Road and Bridge Construction

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (1991) Enclosures for Electrical Equipment 
(1000 Volts Maximum) 

1.2   GENERAL REQUIREMENTS

1.2.1   DIVISION 01 - GENERAL REQUIREMENTS

The Division 01 General Requirements preceding these specifications shall 
govern this section of the work.  In addition all work shall conform to: 
General Provisions for Construction Projects State Department of 
Transportation; requirements of the State Department of Transportation, 
Highways Division DOT HSSRBC; and the City and County of Honolulu 
Department of Transportation Services.

1.2.2   Specifications and Drawings 

Specifications and Drawings are prepared in abbreviated form and
include incomplete sentences.  Omission of words or phrases such as
"the Contractor shall", "as shown on the drawings", "a", "the" are
intentional.  Omitted words and phrases shall be provided by
inference to form complete sentences.

1.2.3   Specification and Drawings Complement Each Other

Specification and Drawings complement each other and what is
specified, scheduled or mentioned by one shall be binding as if
called for by both.  Specification and Drawings are intended to
specify nature, quantity and quality of electrical work.

1.2.4   Prior to Bidding

Before bidding, visit project site, carefully review each section of
the Specification and all Drawings of this Contract, and obtain and
review the standards, specifications and drawings of the local
utility companies.

a.  Report any errors, conflicts or omissions to the Owner's
representative (hereafter referred to as Engineer) at least one 
week before submission of bids for interpretation or 
clarification.  If errors or omissions are not reported, 
Contractor shall provide necessary work at no cost to the City to 
properly complete intent of the Specifications and Drawings.
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1.3   WORK INCLUDED

The work specified herein includes the following:

a.   Furnishing and installing of traffic signal standards, mast arms, 
signal heads, pushbuttons, conduits, optical pre-emption sensors 
and cables.

b.   Construction of concrete foundations, pullboxes and vehicle 
sensor loops.

c.   Furnishing and installing of required Model 170 function cards at 
each existing controller and all other auxiliary equipment 
necessary for a complete and operative signal control system.

d.   Demolition and Removal Work.

1.3.1   Work performed by the City and County of Honolulu

The following work shall be performed by the City and County of
Honolulu at no cost to the Contractor:

a.  The making of all splices and connections in pullboxes and cabinet 
locations pertaining to signal heads, pedestrian buttons, vehicle 
detectors, preemption detectors and intertie circuits.

b.  Install and program Controller Timings and Conflict Monitor Cards.

c.  Align and Tape Programmed Visibility Heads.

d.  Inspection and supervision of Traffic Signal Construction.

1.3.2   Additional Contractor Responsibility

In association with the above City and County of Honolulu work, the 
Contractor, at his own cost, shall be responsible for the following work 
and cost:

a.   Perform documented factory testing in accordance with CALTRANS QPL
 requirements for each controller function card before leaving the 
factory.  Controller function cards will be dry-stored by the 
Contractor at his site.  For the purposes of the following 
requirement, the Contractor shall furnish their own Model 170 
controller to be used as a testing device.  After the function 
cards are received, a second documented diagnostic testing 
procedure will be done.  If it passes, controller assembly will be 
cycled through 8 vehicle phases and 4 pedestrian phases for 120 
continuous hours prior to field installation.  Testing and 
documented validation includes: C1/C2/C20 operations; load 
switches; detectors cards; dc cards; modems; flash condition; time 
source; preemption system; and conflict monitor.  The Contractor 
will have all necessary testing hardware and software to perform 
an accurate and dependable test and validation of the output 
signal displays, controller and cabinet functions, and conflict 
monitor certification.  The Contractor must submit a testing plan 
and procedure to DTS-TST for approval before any test is started.  
Any controller assembly or auxiliary equipment which fails within 
30 calendar days after field installation will be considered 
defective and replaced new in 5 calendar days rather than 
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repaired. 

1)   During the 30-day interval, any cost incurred by DTS for any 
malfunction repairs due to controller assembly failure will be 
billed to the Contractor.

b.  Install the controller function cards at the field site which 
includes, but is not limited to, rerouting existing cables, 
extending power cables, ground wires, signal cables, and all other 
adjustments to the conduits and cabinet for a fully operationals 
system.

c.  Arrange and pay for all necessary police officers and traffic 
control equipment during the controller assembly turn-on or 
flashing stage.

d.  Make all arrangements for any phase of this work with Mr. Ty 
Fukumitsu of the Department of Transportation Services, phone 
523-4589, or his authorized representative.

e.  Unless otherwise specified, give the Department of Transportation 
Services at least 3 working days of advance notice when any phase 
of the work requires the services of the Department.

1.4   SPECIAL CONDITIONS

a.  Obtain and pay for electrical permits, arrange for periodic 
inspection by local authorities and deliver certificate of final 
inspection to Engineer.

b.  In addition to the requirements of these Special Provisions, all 
work shall conform to the following:

1)   National Electric Code, herein referred to as the Code.

2)   Applicable standards of the American Society of Testing and 
Materials (ASTM).

3)   Applicable standards of the American National Standards 
Institute,Inc. (ANSI).

4)   Applicable Federal Specifications.

5)   Applicable standards of the Institute of Transportation 
Engineers (ITE).

6)   Applicable standards of the National Electrical Manufacturers 
 Association (NEMA).

7)   Applicable provisions of the Manual on Uniform Traffic 
Control Devices (MUTCD) of the Federal Highway Administration FHA 
MUTCD and FHA TCDH.

8)   Rules for Overhead Electric Line Construction, General Order 
No. 6 of the Hawaii Public Utilities Commission.

9)   Local Joint Pole Agreements.
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10)  Hawaiian Electric Company rules.

c.   Contractor shall install traffic signal system within the 
timetable set by the General Contractor.

1.4.1   Guarantee

All work and material executed under this Section shall be guaranteed in 
writing to be free from all defects of materials and workmanship for one 
year from the date of final acceptance of project as a whole.  The 
Contractor shall take action to correct any defective work and other work 
damaged by this work's defects within five (5) calendar days from the date 
of notification by the City without cost to the City.

1.4.2   Prior to Commencement of Work

Prior to commencement of work, the Contractor shall meet in conference with 
representative of the Department to discuss and develop mutual 
understandings relative to the administration of the safety program and 
coordination of work.  Prior to, or at the above referenced conference, the 
Contractor shall submit a written outline of safety provisions and 
precautions to be followed throughout the life of this contract.  Special 
attention shall be given in the outline to any particularly hazardous 
operations and scheduled recreational activities which may be conducted 
during the construction period.

1.4.3   Coordination of Work

During bidding and construction, Contractor shall coordinate work with 
other trades to avoid omissions and overlapping responsibilities.  
Contractor shall also arrange for inspection of work by the State 
Department of Transportation, City Department of Transportation Services 
and other agencies as required.

1.4.4   Incidental Parts

All incidental parts which are not shown on the plans or specified herein 
or in the special provisions and which are necessary to render operable all 
new improvements under this contract shall be furnished and installed by 
the Contractor as though such parts were shown on the plans or specified 
herein. 

1.5   SUBMITTALS

Shop drawings, material brochures and manufacturer's information shall be 
submitted for review within 15 days of receipt of notice of Award. The list 
shall include the name of the manufacturer, dimensions and Catalog number 
of the unit, detailed scale drawings and wiring diagrams of any special 
equipment, and any proposed deviations from the plans. If required, the 
Contractor shall submit for approval samples of the materials to be used. 
Submissions shall be made in accordance with Section 01330 SUBMITTAL 
PROCEDURES.  Government approval is required for submittals with a "G" 
designation; submittals not having a "G" designation are for information 
only.  When used, a designation following the "G" designation identifies 
the office that will review the submittal for the Government.

SD-02 Shop Drawings

Pedestrian Pushbutton.
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Traffic SignalHeads and Support Brackets.

Pedestrian Signal Heads and Support Brackets.

Type I Traffic Signal Standards.

Type III Traffic Signal Standards.

SD-05 Design Data

Model 170 function cards.

Model 170  controller.

Programmed Visibility Traffic Signal Heads.

Traffic Signal Heads and Support Brackets.

Optical Pre-emption Sensor.

Pedestrian Pushbutton.

Upon completion of the work, the Contractor shall submit an "As Built"  or 
corrected plan showing in detail thereon all construction changes.

The Contractor shall also submit for approval, 10 sets of shop or working 
drawings of all fabricated materials such as standards, mountings, etc., 
prior to fabrication.  Drawings shall show dimensions, materials, and all 
other details necessary for fabrication and installation.  Re-submittals 
shall be made as often as necessary until approval by the Engineer is 
received.  Any fabrication done prior to receipt of such approval shall be 
at the Contractor's risk.

1.6   TESTING AND INSPECTION

1.6.1   Field Test

Prior to the acceptance of the work, the Contractor shall cause the 
following tests to be made on all traffic signals and circuits, in the 
presence of the Engineer.

a.  Test for continuity of each circuit.

b.  Test for grounds in each circuit.

c.  A megger test on each circuit between the circuit ground. The 
insulation resistance shall not be less than the values specified 
in Section 110-19 of the Code.

d.  A functional test to demonstrate that each and every part of the 
system functions as specified or as intended herein.

e.  Any defect in any material furnished and installed by the 
Contractor revealed by these tests shall be replaced or repaired 
by the Contractor. The same tests shall be repeated until defects 
are eliminated.

1.6.2   Inspection
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a.  Materials furnished by the Contractor shall be subject to 
inspection after  delivery to the site and during installation.  
Failure of the Engineer to note faulty material or workmanship 
during construction shall not relieve the Contractor of the 
responsibility for removing or replacing any such 1

b.  Inspection or sampling of certain materials shall be made at the 
factory or warehouse prior to delivery to the site, when required 
by the Engineer.material at his own expense.

c.  Materials which have been rejected before delivery shall not be 
delivered to the work, and all materials which have been rejected 
at the work shall be immediately removed from the site.

PART 2   PRODUCTS

2.1   CONDUITS

2.1.1   Steel Conduits

Steel conduits shall be hot-dipped galvanized, rigid metal type conforming 
to the requirements of ANSI C80.1 and Article 346 of the National 
Electrical Code.

a.  Exterior and interior surfaces of all conduits and fittings shall 
be uniformly and adequately coated by the hot-dipped galvanizing 
process conforming to the requirements of ASTM A 153/A 153M.  The 
interior and exterior of a 6-inch sample, cut from the center of a 
standard length of conduit, when tested in accordance with the 
applicable requirements of ASTM A 239 shall not show a fixed 
deposit of copper after 4 one-minute immersions in standard copper 
sulfate solution.

b.  The interior of the conduit shall have a continuous coating of  
zinc- chromate, lacquer or enamel.  Each length shall bear the 
label of Underwriter's Laboratories, Inc.  

c.  Conduits to be installed on the surface of poles or structures or 
other exposed or hazardous areas shall be of steel.  Exposed 
conduits on painted structures shall be painted the same color as 
the structure.

2.1.2   Plastic Conduits

Plastic conduit shall be rigid poly-vinyl chloride (PVC).  For direct 
burial, rigid PVC conduit shall be extruded standard wall, Schedule 80 
electrical conduit, and each length shall bear the label of Underwriters' 
Laboratory, Inc.  For encased burial, rigid PVC conduit shall be extruded 
standard wall, Schedule 40 electrical conduit, and each length shall bear 
the label of Underwriters' Laboratory, Inc.

2.2   CABLES

2.2.1   Type 1 Cable

Signal-Loop Cable for load circuits from the cabinet looped to field 
pullboxes. Polyethylene Insulated; Stranded; #14 AWG Copper; 26 Conductor; 
Color-coded; IMSA Spec. No. 20-1 Certified; Shielded; 600 Volt, Traffic 
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Control Intersection Loop Cable. IMSA 32

2.2.1.1   Conductor

The conductor shall be No. 14 AWG, 26 conductor,stranded, soft-drawn copper 
wire, bare tin-coated, and shall conform to ASTM B 3 and B 33.

2.2.1.2   Insulation

The Conductors shall be covered with an extruded polyethylene insulation 
conforming to ASTM D 1248.  The nominal thickness of insulation shall be 
0.020 inch. Each conductor shall be coded with a different color and/or 
with an identifying colored spiral tracer.  The insulated conductors shall 
be cabled together and covered with an asbestos and neoprene bedding tape.

2.2.1.3   Inner Jacket

The tape core shall be covered with an extruded polyethylene jacket 
conforming to ASTM D 1248.  The nominal thickness of jacket shall be   
0.063 inch.

2.2.1.4   Metallic Tape

A 0.002-inch metallic tape shall be spiralled over the inner jacket to give 
complete coverage.

2.2.1.5   Outer Jacket

The outer jacket shall be a high and low temperature, and water resistant 
conforming to the requirements of ASTM A 153/A 153M.  The interior and 
exterior of a 6-inch sample, cut from the center of a standard length of 
conduit, when tested in accordance with the applicable requirements of ASTM 
A 239 shall not show a fixed deposit of copper after 4 one-minute 
immersions in standard copper sulfate solution.

2.2.2   Type 2 Cable

Loop Sensor Lead-in Cable and Pedestrian Pushbutton Circuit shall be 
Stranded No. 14, 2 Conductor, Shielded, 600 Volt rated cable. IMSA Spec. 
No. 50-2 Certified. 

2.2.2.1   Conductor

The conductor shall be No. 14 AWG, stranded, tin-coated copper wire.

2.2.2.2   Insulation

The conductor shall be covered with polyethylene insulation with nominal 
thickness of 0.032 inch.  The insulated conductors shall be cabled and 
aluminum-polyester shielded.

2.2.2.3   Drain Wire

The drain wire shall be #16 AWG, stranded, tin-coated copper wire.

2.2.2.4   Outer Jacket
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The outer jacket shall be of chrome-vinyl with nominal thickness of 0.032 
inch.  The outside diameter of the cable shall be approximately 0.340 inch. 
 Capacity measured between conductors shall be 24 micro-micro farad per 
foot and 47 micro-micro farad per foot nominal with one conductor connected 
to the shield.

2.2.3   Type 3 Cable: 

Interconnect Cable shall be Solid No. 19, 12 Conductor (6 pair), shielded 
copper jacket, Twisted pair, 600 volt Communication Cable. IMSASpec. No. 
19-2 Certified.

2.2.3.1   Conductor:  

The conductor shall be No. 19 AWG, 12 conductor solid copper wire, 
conforming to requirements of IMSA specifications No.19-2.

2.2.3.2   Insulation:  

The conductors shall be covered with color coded polyethylene insulation 
with minimum thickness of 0.025 inch.  The insulated conductors shall be 
cabled and shielded. The conductors shall be bound with a spiral wrapping 
of moisture resistant tape.

2.2.3.3   Outer Jacket

The outer jacket shall be shielded copper jacketed and of tightly fitting 
polyvinyl chloride conforming to ASTM D 1047, latest issue, when tested.  
The outside diameter shall be approximately 3/4 inch.

2.2.4   Type 4 Cable

General Purpose Cable for Sensor Loops shall be Solid No. 12, Single 
Conductor, 600 Volt.  IMSA Spec. No. 51-5 Certified.

2.2.4.1   Conductor

Conductor shall be No. 14 AWG, solid copper conductor.

2.2.4.2   Insulation

Insulation shall be of moisture and heat resistant rubber with a minimum 
thickness of 3/64 of an inch.  The outside diameter of the conductor shall 
be approximately 0.205 inch.

2.2.5   Type 5 Cable: 

Drop Cable from RYG, RYGA, Programmed Visibility traffic signal heads and 
Ped Signal heads shall be polyethylene insulated, Stranded No. 14, four 
conductor, Color-coded. 600 Volt, from Intersection Loop to Signal Head.  
IMSA Spec. No. 20-1 Certified.

2.2.6   Type 7 Cable

Type 7 Cable, are the specific cables which run continuously from the 
Optical Detectors mounted on traffic signal standards to the terminal 
blocks for the M262 Optical Discriminators in the controller cabinets.  
Type 7 Cables shall be 3M's M138 Optical Detector Cable compatible and 
consistent with the requirements for the Optical pre-emption sensor, 
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Opticom Preemption System.  M138 Optical Detector Cable is described as: 
BerkTek Type B, Shielded Jacket, 3 Insulated Conductor - 20 AWG Stranded 
Copper, 1-20 AWG Bare Stranded Drain, 600 volts, Orange-Blue-Yellow Color 
Coded, and 5/16 inch approximate diameter.

2.2.7   Ground Wire

Ground Wire, shall be single conductor No. 8 AWG, solid  electrolytic base 
copper, medium-hard-drawn, and suitable  for grounding wire.  The conductor 
shall conform to ASTM B 3. The wire shall weigh approximately 49.9 pounds 
per  1,000 feet. 

2.3   CONCRETE

a.  Concrete shall conform to Section 39, Portland Cement Concrete, 
and Section 40, Concrete Structures of the Standard 
specifications.  All concrete shall be Class "B" unless 
specifically noted otherwise on the drawings.

b.  Mortar for bedding under traffic signal standards shall be 
damp-pack bedding mortar and shall consist of 1 part Type I 
portland cement and 2-1/2 parts of fine aggregate, proportioned by 
weight, and not more that 4-1/2 gallons of water per sack of 
cement.

c.  Reinforcing steel shall conform to the requirements of Section 98, 
Reinforcing Steel, of the Standard Specifications.  Bars shall 
conform to ASTM A 615/A 615M, Grade 40 or 60, deformed.

2.3.1   Ground rod

Ground rod shall consist of copper-clad steel or pure copper ground rod 
5/8-inch diameter by 8 feet long with an approved ground rod clamp.

2.4   PULLBOX FRAMES AND PLATES

Pullbox frames and plates shall be of cast iron conforming  to ASTM A 48.

2.5   BRICK

Brick for pull boxes shall conform to ASTM C 55.

2.6   HOT TAR SEALANT FOR SENSOR LOOPS

The hot applied rubberized sealant shall be formulated specifically to be 
flexible.  It shall be suitable for use as a sealant for industrial wire 
loops imbedded in asphalt concrete and portland cement concrete for traffic 
signal work and vehicle counters, and shall be nontracking under traffic.  
At application temperatures, the rubberized sealant shall be a thin, 
free-flowing fluid which penetrates saw cuts and self-levels to permit 
uniform applications.  The sealant shall be melted and applied to pavements 
using a pressurized application unit.  The sealant shall be relatively
stiff, but shall remain flexible at low pavement surface
temperatures.  Test results shall conform to the following
specifications.
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Hot Tar Sealant For Sensor Loops
TEST                        SPECIFICATION
__________________________________________

Penetration @ 77 F              25 - 35 max.

Flow @  140 F                   0 mm - 5mm max.

Resilience @  77 F              40 percent min.

Softening Point                 180 F min.

Ductility @  77 F               30 cm min.

Mandrel Bend @ 0 F, 180 Deg.,5s, 1/2 inch dia.

Rec. Pour Temp.                 180 F

Safe Heating Temp.              410 F

375 F Viscosity                 30 Poise

Unit Weight                     10.0 lbs/gallon

Coverage, 1/2 inch x            13.0 lbs. per 100 ft."
1/2 inch crack

2.6.1   Directions for Use

Saw cuts shall be blown clean and dry with compressed air to remove all 
excess moisture and debris.  For repairing damaged saw cuts, all loose 
spalled material shall be cleaned away from saw cut, chipping back to sound 
asphalt concrete or portland cement concrete and all loose material cleaned 
from loop wires.  Sealant temperature at application should be 370 degrees F. 
and should not exceed 420 degrees F. Loop detector sealant should be placed 
to a maximum height above the pavement of 1/8-inch, with a slight overlap of 
sealant on the sides of the pavement cut. 

2.7   TRAFFIC SIGNAL STANDARDS

2.7.1   General

Standards for traffic signals and combined traffic signals and street 
lights shall be fabricated and installed as shown on the plans.  
Workmanship and finish shall be equal to the best general practice of metal 
fabrications shops.

2.7.1.1   Type I Traffic Signal Standards

Type I standards shall be used for top-of-pole mounting of traffic signals 
and pedestrian signals with or without cantilever mounted signals as shown 
on plans.

2.7.1.3   Type II Traffic Signal Standards

Type II standards shall be used for mast-arm mounting of traffic signals 
with or without bracket mounted signals as shown on the plans.
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2.7.1.2   Type III Traffic Signal Standards

Type III standards shall be used for mast-arm mounting of traffic signals 
with or without bracket mounted signals and pole-top mounting of street 
light arm and luminaire as shown on the plans.

2.7.2   Type I Traffic Signal Standards

Type I standards shall  be of No. 11, or heavier, U.S. standard gage steel, 
tapered with 4-1/2 inch 0.D. top designed for post top  slipfitter.  Pipe 
shall conform to ASTM A 53 or ASTM A 120.  A standard shall include base 
plate, anchor bolts, grounding nut and bolt, hand hole with cover, and 
other  materials necessary to complete the standard assembly.  Tapered 
standards shall not be used where field cutting  is required.

2.7.3   Type II and Type III Traffic Signal Standards

a.  Type II and III standards shall include the following: a tapered 
steel shaft complete with base plate, anchor bolts, grounding nut 
and bolt, handhole with cover, wire inlets with grommets, J-hook 
wire support at mast-arm and pole top, a tapered signal mast-arm 
complete  with 2-3/8 inch 0.D. tenon at end to accommodate 
slipfitting plumbizer, and other materials necessary to complete 
the standard assembly. Holes at signals shall be made in the field.

b.  Type II and III standards shall be designed and constructed in 
strict conformance with the current edition of "Standard 
Specifications for Structural Supports for Highway Signs, 
Luminaries and Traffic Signals" of the American Association of 
State Highway and Transportation Officials (AASHTO).  
Manufacturer's certificates of conformance and six sets of shop 
drawings shall be submitted for approval. Computations shall be 
submitted if requested by the Engineer.  Standards shall be 
designed to look good and well proportioned, without extreme 
bulkiness or noticeable deflections.

c.  Standards including mast-arm and connections, shall be of ductile 
and weldable steel with minimum yield strength of 33,000 psi. 
Minimum shaft and mast-arm thickness shall be No. 7 gage, unless 
indicated otherwise.

2.7.4   Details of New Traffic Signal Standards

(applicable to Type I, II and III traffic signal standards):

a.  All parts shall be smooth and free from burrs.  All  welds shall 
be smooth, clean, dense, continuous, straight, and shall develop 
the full strengths of the parts welded, unless designed and 
approved otherwise. Welds shall be finished smooth.  Exposed 
welds, except fillet welds, shall be ground flush with the base 
metal.  Exposed edges of plates shall be finished smooth and 
exposed corners shall be neatly rounded.

b.  Transverse seams shall be perpendicular to the axis and reinforced 
with internal sleeves welded in place. Longitudinal seams shall be 
continuous and parallel to the axis.  No more than two 

SECTION 16600  Page 15



KUNIA GATE REALIGNMENT, WHEELER ARMY AIRFIELD, OAHU, HI PN52070

longitudinal seams shall be permitted.  In the case of two 
longitudinal seams,they shall be directly opposite each other.

c.  Standards shall be straight, with a variation not to exceed 0.3 
per cent of the height at midheight.  Tops, ends, handholes and 
connections shall be rain-tight. Shafts for Type II and III 
standards shall be provided with slip-fitter shaft caps with cap 
screw.

d.  All castings shall be clean, smooth and with all details well 
defined and true to pattern.

e.  A 3 inch x 5 inch minimum size handhole shall be provided near the 
base of each standard complete with cover and gasket. The handhole 
shall be fabricated with a reinforcing frame around the opening to 
preclude any loss of strength in the shaft due to the opening.  
Cover shall be secured in place with a round washer head machine 
screw.

f.  Base Plates and anchor bolts shall be designed to equal or exceed 
the strength of the shaft.  The base shall telescope the shaft and 
shall be welded to the shaft on the inside and the outside.  
Similar provisions shall be provided at mast-arm to shaft 
connections. 

g.  A grounding nut for a « inch x 13 UNC threaded bolt shall be 
provided on the inside of the shaft just above the base plate. 

h.  Anchor bolts, complete with nuts and washers and template prints 
giving complete information for setting anchor bolts shall be 
furnished with each standard.  Anchor bolts shall have 'L' bends 
or plate washers at the bottom.  Nuts shall be hexagon. For each 
anchor bolt, provide a leveling nut, washer and top nut. 

i.  All steel and iron parts shall be hot-dip galvanized after 
fabrication in accordance with ASTM A 153/A 153M. Bolts, washers 
and nuts shall be hot-dip galvanized separately. 

2.8   PEDESTRIAN PUSHBUTTON

Pedestrian push buttons shall be of substantial tamper-proof construction 
and shall be weatherproof and so constructed that it shall be impossible to 
receive any electrical shock under any weather conditions.  A threaded 
opening shall be provided at the bottom of the housing for the conduit 
connection, where required.  A raised drip shield shall be provided around 
the push button. The sign shall conform to the plans and the booklet, 
"Standard Highway Signs", of the FHA MUTCD.  The signs need not be 
reflectorized.  The pedestrian pushbutton assembly shall conform to the 
requirements of the Americans with Disabilities Act in all respects.

2.9   STANDARD TRAFFIC SIGNAL FACES

Standard traffic signal faces shall conform to the Revised Standard 
"Adjustable Face Vehicular Traffic Control Signal Heads" of the ITE; dated 
June, 1982; except as modified herein.

2.9.1   Non-metallic Signal Housings 

Non-metallic signal housings shall meet the strength requirements of  
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"Option 1" and metallic signal housings shall meet the strength 
requirements of "Option 2" of the Standard.

2.9.2   Signal Head Accessories

Each signal section shall be provided with a visor of the tunnel type. 
Twelve-inch diameter section visors shall be a minimum of 10 inches long. 
When louvers are furnished, full circle visors shall be furnished.

2.9.3   Louvers

Where shown on the plans, louvers shall be provided. Louvers shall be dull 
black.

2.9.4   Back Plates

Back plates shall be provided where shown on the plans and shall be dull 
black.

2.9.6   Traffic Signal Faces

a.  The LED signal modules shall be rated for use in the ambient 
operating temperature range of -40 degrees F to 165 degrees F.  
The LED signal module shall be protected against dust and moisture 
intrusion per the requirements of NEMA 250 1991, for Type 4 
enclosures to protect all internal LED, electronic and electrical 
components.  The LED signal module lens shall be UV stabilized.

b.  The red indicators of the signal head shall be LED signal 
assemblies comprised of high-output LED light sources protected by 
an impact-resistant polycarbonate lens.  Operating voltage range 
shall be 80- 135 volts and with a maximum power consumption of 22 
watts.  To ensure quality and performance, the LED head shall have 
a prior history of testing and use by CALTRANS, exceeds ITE 
standards, failure of one LED shall not affect any other LED, 
fully- encapsulated electronic circuitry.  Dialight 12" LED 
Traffic Head or approved equal

c.  Yellow, green and green arrow indicators of the signal head shall 
be LED signal assemblies comprised of high-output LED light 
sources protected by an impact-resistant polycarbonate lens.  
Operating at 80-135 volts and with a power consumption of 22 
watts.  To ensure quality and performance, the LED head shall have 
a prior history of testing and use by CALTRANS, exceeds ITE 
standards, failure of one LED shall not affect any other LED, 
fully-encapsulated electronic circuitry. 

2.9.5   Top of Pole -Non-metallic signal faces

Top of Pole -Non-metallic signal faces for one-way top-of-pole mounting 
shall be mounted with a special 1-1/2 inch pipe support bracket as shown on 
the Standard Details.

2.10   PROGRAMMED VISIBILITY TRAFFIC SIGNAL FACES

2.10.1   General

The signal shall permit the visibility zone of the indication to be 
determined optically and require no hoods or louvers. The projection 
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indication may be selectively visible or veiled anywhere within 15 degrees 
of the optical axis. No indication shall result from external illumination 
nor shall one light unit illuminate a second.

2.10.2   Optical System

The components of the optical system shall comprise:  lamp, lamp collar, 
optical limiter-diffuser, and objective lens.

a.  The lamp shall be a nominal 150 watt, 120 volt AC, three prong, 
sealed beam having an integral reflector with stippled cover and 
an average rated life of at least 6,000 hours. The lamp shall be 
coupled to the diffusing element with a collar including a 
specular inner surface. The diffusing element may be discrete or 
integral with the convex surface of the optical limiter.

b.  The optical limiter shall provide an accessible imaging surface at 
focus on the optical axis for objects 900 to 1200 feet distance, 
and permit an effective veiling mask to be variously applied as 
determined by the desired visibility zone. The optical limiter 
shall be provided with positive indexing means and composed of 
heat resistant glass.

c.  The objective lens shall be a high resolution planar incremental 
lens hermetically sealed within a flat laminant of weather 
resistant acrylic or approved equal. The lens shall be symmetrical 
in outline and may be rotated to any 90 degree orientation about 
the optical axis without displacing the primary image.

d.  The optical system shall accommodate projections of diverse, 
selected indicia to separate portions of the roadway, such that 
only one indication will be simultaneously apparent to any viewer. 
The projected indication shall conform to Institute of Traffic 
Engineer's (ITE) transmittance and chromaticity standards.

2.10.3   Construction

a.  Die cast aluminum parts shall conform to ITE alloy and tensile 
requirements and have chromate preparatory treatment. The exterior 
of the signal case, lamp housing and mounting flanges shall be 
finished with a high quality baked enamel prime and finish paint 
(dark green exterior enamel). The lens holder and interior of the 
case shall be optical flat back.

b.  Signal case and lens holder shall be pre-drilled for backplates 
and visors. Hinge and latch pins shall be stainless steel. All 
access openings shall be sealed with weather resistant rubber 
gaskets.

c.  Visors shall be provided and shall conform to ITE material
requirements, and include chromate preparatory treatment and 
optical black on all surfaces. All visors shall be 9-1/2 inches 
cutaway visors.

2.10.4   Electrical

Lamp fixture shall comprise a separately accessible housing and integral 
lamp support, indexed ceramic socket and self-aligning, quick release lamp 
retainer. Electrical connection between case and lamp housing shall be 
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accomplished with an interlock assembly which disconnects lamp holder when 
opened. Each signal section shall include a covered terminal block for clip 
or screw attachment of lead wires. Concealed #14 AWG, stranded and coded 
wires shall interconnect all sections to permit field connection with any
section. 

2.10.5   Photo Controls

a.  Each signal section shall include integral means for regulating 
its intensity between limits as a function of individual 
background illumination. Lamp intensity shall not be less than 97 
per cent of uncontrolled intensity at 1,000 ft-c, and shall reduce 
to 15 + 1 per cent of maximum at less than 1 ft-c. Response shall 
be proportional and essentially instantaneous to any detectable 
increase of illumination from darkness to 1,000 ft-c. and damped 
for any decrease from 1,000 ft-c.

b.  The intensity controller shall comprise an integrated, directional 
light sensing and regulating device interposed between lamp and 
line wires. It shall be compatible with 60 Hz input and responsive 
within the range 105 to 135 V. Output may be phase controlled, but 
the device shall provide a nominal terminal impedance of 1,200 
ohms open circuit and a corresponding holding current. 

2.10.6   Mounting

a.  The signal section shall mount to standard 1-1/2 inch fittings and 
hardware as required as a single section, as a multiple section 
face, or in combination with other signal faces. Mounting adapters 
shall be used with conventional mounting hardware. Adapters shall 
be manufactured by the manufacturer of the programmed visibility 
traffic signals. Adapters shall provide adjustable tilt and 
rotation with positive lock, wire-run and water seals. Connections 
shall permit adjustable incremental tilting from 0 to 10 degrees 
above or below the horizontal while maintaining a common vertical 
axis through couplers and mounting. Terminal connection shall 
permit external adjustment about the mounting axis in 5 degree 
increments. The signal shall be mountable with ordinary tools and 
capable of being serviced with no tools.

b.  Programmed visibility signal faces for one-way top-of-pole 
mounting shall be mounted with a special 1-1/2 inch pipe support 
brackets as shown on the Standard Details.

c.  The visor shall conform and readily fasten to existing mounting 
surfaces without affecting water and light integrity of the signal.

2.11   PEDESTRIAN SIGNALS

The pedestrian signal assembly shall consist of an LED message display 
module, a single section housing, a door frame and be designed to fit the 
mounting configurations for vehicle and pedestrian signals as shown on the 
drawings.   For ease of installation and maintenance, the signal shall be 
so designed that all components are accessible from the front by opening 
the signal door.

2.11.1   General
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The signal shall display a walking MAN and HAND symbol on the surface of 
the message module.  The walking MAN symbol shall be lunar white and the 
HAND symbol shall be portland orange.  The displays shall illuminate in an 
alternating method.  The display shall conform tho ITE's PTCSI standard.  
The message module shall enclose all components of the LED assembly.  The 
message module shall be designed to be easily installed between the door 
and housing of the signal assembly, and as a retrofit replacement for 
existing pedestrian signals.

2.11.2   Construction

The message module shall be a single, self-contained enclosure that houses 
all the LED's and related electronics to make a complete unit.  The 
portland orange and lunar white LED's shall be of the "Al ln Gap" 
technology and rated for 100,000 hours operation or more.  All LEDs and 
electronic components shall be adequately supported to withstand mechanical 
shock and vibration from high winds and other sources.  The enclosure shell 
and back cover shall be made of UV stabilized polycarbonate.  The maximum 
overall dimensions of the module shall be 18" wide by 16" high and contain 
a neoprene gasket fitted around the perimeter of the enclosure for positive 
sealing between the housing and door frame.  The lens of the module shall 
be UV stabilized polycarbonate and a minimum of 1/4" thick.  The message 
module, when properly installed, shall be protected against dust and 
moisture intrusion. 

2.11.3   Electrical

The pedestrian signal shall operate from a 60 Hz AC electric service over a 
voltage range of 80V RMS to 135 V RMS.  Rated voltage for all measurements 
shall be 120 V RMS.  The LED module circuitry shall include voltage surge 
protection against high and low repetitive noise transients as stated in 
Section 2.1.6 of NEMA Standard TS-2, 1992.  The module circuitry shall 
prevent perceptible flickers over the entire voltage range specified.  If  
any individual LED fails, less than 2% of the total light shall be lost.  
The module shall provide a power factor of ninety percent (90%) or greater 
over the operating voltage range and have a wattage rating of no greater 
than nine (9) watts.  Total harmonic distortion shall not exceed twenty 
percent (20%) over the operating voltage range.

2.11.4   Luminous Intensity

The pedestrian signal shall be designed so that when operated within the 
specified ambient temperature and voltage range, the display shall attract 
the attention of, and be readable to a viewer (both day and night) at all 
distances beyond three (3) meters and to the full width of the crossing 
area.  A minimum of 150 LED's shall be used in the portland orange HAND 
symbol and 100 LED's shall be used in the lunar white MAN symbol.  Luminous 
intensity of the display shall not vary more than + ten percent (10%) for 
the voltage range of 80 V RMS to 135 V RMS.

2.11.4   Case

The case shall be a one (1) piece corrosion-resistant injection molded 
housing, complete with integral top, bottom, sides and back.  The surface 
of the housing shall be free from sinks and voids and shall not require 
sanding and painting.  The wall thickness of the case shall be nominal 0.25 
inches.  Four (4) equally spaced mounting lugs will be integrally cast into 
the top and bottom of the chassis, permitting the door to hinge from both 
directions.  Openings to accept one and a half (1-1/2) diameter  framework 
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fitting shall be provided at the top and bottom.  The case shall be dust 
proof, weatherproof and corrosion-resistant and shall provide easy access 
for replacement of the components.  The case shall be suitable for post-top 
or bracket mounting. 

The openings at the top and bottom of the case shall accept a standard one 
and a half (1-1/2) inch pipe bracket.  The openings of the signal case 
shall have "shurlock" boss integrally cast into the case.  The"shurlock" 
boss shall have an outside diameter two and five-eighths (2-5/8) inches, 
inside diameter one and thirty-one thirty-seconds (1-31/32) inch, and 
seventy-two (72) teeth serrated at five (5) degree increments.  The teeth 
shall be clean and sharp and provide full engagement.  The radial angular 
grooves of the "shurlock" boss, when used with "shurlock" fittings, shall 
provide positive positioning of the entire signal to eliminate rotation or 
misalignment of the signal.

2.11.5   Door Frame

The door frame shall be a one (1) piece corrosion- resistant aluminum alloy 
machined unit.  The door shall have two (2) latching lugs on the top and 
two (2) hinge lugs on the bottom that match with similar lugs on the case.  
The door shall attach to the case by a stainless steel hinge bolt and 
secure to the top of the case with stainless steel spring pins, wing nuts 
and washers.  The door shall hold the message module in place and provide a 
seal to reduce dust and moisture penetration.  When a message module is 
used as a retrofit replacement for existing pedestrian signals, a door 
frame will also be provided.

2.11.6   Warranty

The manufacturer shall warrant the LED display for replacement and repair 
if the component fails to function as intended by this specification, for 
workmanship or material defects, within the first sixty (60) months after 
the date of delivery.  Each individual module shall be identified for 
warranty purposes with a manufacturer's label that contains the serial 
number, operating characteristics, rate voltage, power consumption and volt 
amperes of each module.  The manufacturer shall provide a certificate of 
compliance with these specifications for each shipment of display modules.

2.12   SIGNAL FACE MOUNTING:

a.  All members when assembled shall be watertight and shall be either 
plumb or level and symmetrical in arrangement.  Construction shall 
be such that all conductors are concealed within the assembly as 
much as possible.  Signal faces shall be equipped with shurlock 
fittings designed to prevent faces from turning by external 
forces.  Lock rings and connection fittings shall have serrated 
contacts.  Fittings shall permit fastening at increments of not 
more than 7 degrees.  Caps shall be provided to seal unused 
mounting holes in the traffic signal housing.

b.  The mountings shall be painted with one coat of galvanized metal 
primer and 2 coats of dark green enamel as specified for signal 
housing.  The mountings shall be delivered either disassembled or 
assembled.  If the mounting are delivered disassembled, the 
various parts of each mounting shall be marked for easy assembly. 

c.  Top-of-pole, bracket, cantilever and underslung mounted signal 
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faces shall be supported by assemblies of 1-1/2 inch standard 
steel pipe and malleable iron or brass pipe fittings and hardware. 

d.  Top-of-pole mountings shall include slipfitters of cast iron, 
bronze or malleable iron to fit over a 4-1/2 inch 0.D. standard 
pipes. Ports and/or pipe fittings shall be provided as required to 
accommodate multiple way and/or cantilever mountings. 

e.  Bracket mountings shall include bronze pole plates and adjustable  
stainless steel bands.  Where required fittings shall be provided 
for underslung and/or cantilever mountings.  Where underslung 
pedestrian signals are required by the plans, the nipples 
perpendicular to the pole in bracket mountings shall be made 
sufficiently long to provide ample clearance for the suspended 
pedestrian signals to be installed and opened.

f.  Mast-arm end mountings shall include slipfitters of bronze or 
malleable iron to fit over the 2-3/8 inch 0.D. tenon at the end of 
the mast-arm.  Slipfitters shall be the elevator plumbizer type or 
the 90 degree plumbizer type as called for in the Proposal. 

g.  Slipfitters shall be provided with steel set screws to secure the 
assembly.  Set screws shall be cadmium plated.

h. Signal faces mounted at intermediate points on mast-arms, shall be 
equipped with an adjustable mast-arm-mount signal bracket with an 
aluminum vertical tube with upper and lower devices to fasten the 
signal face at the bottom and top of the face.  The vertical tube 
shall be connected to the mast-arm with a malleable iron clamp 
casting and 2 bands of high strength stainless steel bands which 
can be tightened by bolts.  Through the mounting assembly, the 
signal face shall be capable of being rotated about the bracket 
axis, adjusted vertically, rotated about the mast-arm and rotated 
right and left from the vertical plane.

2.13   ABBREVIATIONS

The following abbreviations are used herein for the various signal
indications:

R   =   Red
Y   =   Yellow
G   =   Green
GA  =   Green Arrow
YA  =   Yellow Arrow
BGA =   Bimodal, green arrow-yellow arrow
DW  =   Don't Walk ("HAND" Symbol
W   =   Walk ("WALKING PERSON" Symbol)
P   =   Programmed visibility

2.14   CONTROLLER ASSEMBLIES

2.14.1   Controller Assembly

Controller Assembly shall consist of the existing Model 170 Controller 
complete with required Function Cards and Auxiliary Equipment.  Except 
where noted, only manufacturers and products listed on the current State of 
California, "Qualified Products List (QPL) for Model 170 Controller 
Assemblies" from the California Department of Transportation (CALTRANS QPL) 
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shall be acceptable.  A copy of the QPL is available from the Department of 
Transportation Services, Phone (808) 527-6988.

2.14.1.1   Each Controller Assembly

 shall contain the following items:

Item                             Quantity 
Dial-up modem                   1 if a master is specified in plans
Model 412C PROM Module          1 
Model 400 Modem                 1 
Model 200 Load Switches         12 
Model 204 Flashers              All 
Model 242 Isolator              2 4 
Model FS/ST Isolator            All 
Flash Transfer Relays           All 
Model 210 Conflict Monitor      1 
Model 422 Det.                  Amplifiers 
(Rotary Sw Type)                6 
Model M752 Preempt.             Card
(Non-QPL)                       3 
Model 758 Auxiliary Panel       3 
Model UTS (Non-QPL)             1 

2.14.2   Auxiliary Equipment

Auxiliary equipment will be classified as part of the controller assembly. 
All Auxiliary Equipment shall be on the QPL unless noted otherwise. The 
model and quantity to be furnished is as specified in Section SP22.1. 
Auxiliary equipment not on the QPL shall meet the following pertinent 
requirements: 

2.14.2.1   Model M752 Optical Preemption Module

The M752 module will be card-type and will interface with the Model 170 
cabinet preemption slots of the input file. Each M752 Module will have 2 
channels of preemption. The M752 will include firmware to discriminate 
between the two valid priority signals, to prioritize valid same priority 
signals on a first come basis, and to override the low priority signal if a 
high priority is received. The M752 Module will receive input signals 
(9.639 and 14.035 hz) to permit priority preemption operation within the 
170 local intersection program. M752 will optically isolate output signals 
and will trigger an active low signal to the controller for high priority 
and a pulsed active low signal for low priority.

2.14.2.2   Universal Time Standard (UTS) Module

The UTS Module will be a stand alone precision clock located in the 
Controller Cabinet which will update the internal clock of the Model 170 
Controller by decoding Five Broadcast Frequencies (2.5, 5, 10, 15, 20 Mhz) 
transmitted by WWVH of the U.S. National Institute of Standards and 
Technology.  All hardware and software of the UTS equipment will be 
compatible without any modification to the Model 170 Hardware or Software.  
The UTS Module shall have the following specifications:  1.5 ms Time 
Accuracy; 2-4 Minutes Time to Acquire; Minimum 5-Frequency, AM, 
Crystal-Controlled, Dual Conversion, Superheterodyne Receiver; Automatic 
Scan 5 Frequencies; Data Output RS-232C, 1200 & 2400 Baud rate, No Parity, 
8 Data Bits, 1 Stop Bit; One Hour Selectable Time Zones; DayLight Saving 
Time Option; 24 Hour Time Format; Month, Day, and Year Date; DB25-RS232 and 
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BNC Antenna Connector: DB25 to Model 170 C2 Cable and Connectors; Outdoor 
Whip Antenna with Pole Adapter  Bracket; 100 lf of RG-58 Coxial Cable with 
Connectors; Approx. Size 1.5"H x 8"W x 9"D and Weight 1.5 Lbs; 24 VDC; 
Traconex/Multisonics UTS Model 1010 or equal.  As part of the support 
equipment, 1 set of Remote Display and Speaker/Meter Unit by the same 
manufacturer as the module will be supplied.  All UTS equipment and 
antennas will be installed by the Contractor and included in the controller 
assembly bid.

2.14.3   Preemption Detectors

The model and quantity to furnish is in specifications or on the plans.

2.14.3.1   Description

Preemption Detectors are located on traffic signal standards to convert 
optical signals emitted from an emergency vehicle to electrical pulses for 
emergency preemption of the traffic signals.  Electrical signals from the 
optical detector are transmitted by a 4 conductor cable to the preemption 
module M562 located in an input slot of the controller cabinet.  The M562 
preemption module will direct and hold the controller in a preemption mode 
until the signal disappears.  A preprogrammed selection of phases and 
signal displays are controlled by the Local Intersection Program.  Since 
Honolulu's preemption system already employs the 3M Opticom System, all new 
preemption equipment will be by this manufacturer. 

2.14.3.2   Materials

Model 511 Preemption Detector:  This Optical Detector is designed and 
installed for uni-direction signal reception and single channel-phase 
operation.  Signal reception will be adjustable and up to 2500 ft.  
Detector will be constructed from high-impact polycarbonate.

2.14.4   Warranty

a.  Materials and equipment installed as part of any permanent 
construction shall be new, unless otherwise specified.  The 
contract contemplates the use of first-class materials and 
equipment throughout the performance of the contract.  In this 
connection, the Contractor shall have the manufacture guarantee 
all equipment from defects in materials, design and workmanship 
for period of not less than 5 years from the date of acceptance.  

b.  Such warranty or warranties shall be assigned to the City and 
County of Honolulu.

c.  Should any defect be encountered during the warranty period, the 
manufacture will be notified and he shall promptly correct such 
defect.  If the defect requires removal of the unit from the site, 
the manufacture shall provide an operational replacement unit 
within 24 hours from the time of notification of such defect. 

2.14.5   Operators Manual

An operator's manual shall be furnished for each type of controller 
assembly furnished under the contract within 10 days of the Notice to 
Proceed.  The manuals shall contain specific and detailed descriptions and 
instructions on the proper operation and programming of all functions of 
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the various devices.

PART 3   EXECUTION

3.1   OTHER CONSTRUCTION STANDARDS

Specification Section references made in the following paragraphs refer to 
the City and County of Honolulu Standard Specification for Public Works 
Construction and, therefore, this document is forms part of this 
specification to the extent referenced.  The document is hereinafter
referenced as "Standard Specifications".

3.2   CONTINUITY OF SERVICE

The Contractor shall keep the Engineer informed of how he has scheduled his 
work so the Engineer knows 48 hours in advance when any traffic signal 
head, traffic signal controller, wiring, or any other part of the traffic 
signal system will be affected and require adjustment.  The work shall be 
scheduled and carried out in such a manner as to provide continuous, 
uninterrupted operation of the traffic signal systems. 

3.3   DEMOLITION AND REMOVAL

a.  The Contractor shall exercise every precaution to preserve and 
protect all structures, utilities both above and below ground, and 
landscaping which are to remain.

b.  Existing Pull Boxes:  Existing pull boxes shall be demolished and 
removed to a minimum depth of 6 inches below bottom of base course 
in pavement areas, 6 inches below the bottom of concrete in 
sidewalk areas and 10 inches below finished grade in grassed or 
bare areas.

c.  Backfill and Restoration.  Backfill shall be in accordance with 
Section 11, Trench Excavation and Backfill and restoration of 
damaged areas shall be in accordance with Section 38, Restoring 
Pavements and Other Improvements of the Standard Specifications.

3.4   Excavation and Backfill

Excavation and backfill shall conform to Section 11, Trench Excavation and 
Backfill of the Standard Specifications; Chapter 20, Revised Ordinances 
1969; and these Special Provisions.

a.  Existing Asphalt concrete and portland cement concrete sidewalks, 
gutters, driveways and pavements shall be cut with a power driven 
saw prior to removing the sidewalks and pavement material.  Cuts 
shall be neat and true with no shatter outside the removal area.

b.  Existing pavement and surfacing disturbed by the excavation shall 
be restored to its original condition in accordance with the 
applicable provisions of the Standard Specifications.  Asphalt 
concrete, portland cement concrete, and base course shall have the 
same thickness as the existing materials.  The new surface shall 
conform to the existing without any unsightly differences in grade.

c.  The Contractor, prior to excavation, shall locate and verify with 
the respective utility companies and government agencies, the 
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location of all electric, telephone, street lighting, fire alarm, 
gas, water, storm drain and sewer lines crossing the excavation 
path.  The locations of all existing utilities on the plans are 
approximately only and may be incomplete.  Care shall be exercised 
when excavating. 

d.  The exact location of existing conduit runs and pullboxes shall be 
ascertained by the Contractor before using equipment that may 
damage such facilities or interfere with any system.

e.  Any and all damages to existing utility lines, including conduits, 
utility poles, sewer lines, water lines, gas mains, and storm 
drains, shall be the responsibility of the Contractor, whether 
shown on the drawings or not, and any necessary repairs shall be 
made to the satisfaction of the respective agencies involved at 
the Contractozr's own expense.

f.  The Contractor shall also be responsible for any and all damages 
to the existing landscape and structures surrounding the 
construction area and repairs shall be made to the satisfaction of 
the respective agencies involved at the Contractor's own expense. 

g.  Where damage is caused by the Contractor's operations, the 
Contractor shall, at his expense, repair or replace damaged 
facilities promptly in accordance with applicable specifications.  
Should the Contractor fail to perform the required repairs or 
replacements, the cost of performing such repairs or replacements 
will be deducted from any monies due or to become due the 
Contractor.

h.  Conduits shall be carefully laid in trenches prepared to receive 
them. Trench bottoms should be smooth and regular in undisturbed 
soil. After trench has been excavated to the proper depth below 
invert grade, the trench bottom shall be backfilled to the 
required invert grade with bed course material. Minimum cover 
shall be 24 inches. No backfilling shall be done until the conduit 
installations have been verified correct and approved by the 
Engineer.

3.5   CONDUITS

3.5.1   General

a.  Conduits shall be installed in conformance with the Code and all 
applicable Standards.

b.  Conduit runs shown on the plans may be changed to avoid 
obstructions, with the approval of the Engineer.

c.  Existing underground conduit to be incorporated into a new system 
shall be cleaned with a mandrel or cylindrical wire brush and 
blown out with compressed air.

d.  Conduits shall be laid in trenches in accordance with the 
drawings. Conduits shall be installed to drain toward either one 
or both pull boxes at its ends.

e.   Ends of conduits shall extend 24 inches past the face of curb or 
edge of pavement unless they terminate in pull boxes.  Ends shall 
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be capped and be accurately located by special markings 
satisfactory to the Engineer and these locations shall be shown on 
the "As-Built" plans. 

f.  The entire length of the conduit run between pull boxes shall be 
of one type of material.

g.  All directional changes in conduit runs shall be made with curved 
segments and/or deflection couplings. The deflection angle between 
two adjacent conduits shall not exceed 6 degrees unless otherwise 
approved by the Engineer.

h.  The ends of conduits shall be sealed at the end of each day of 
work, whenever installation is interrupted or whenever conduits 
are submerged in water. All conduits shall be kept clean during 
installation.

i.  Conduit bends, except factory bends, shall have a radius of not 
less than 6 times the diameter of the conduit.  Conduit shall be 
bent, without crimping or flattening, at the longest radius 
practicable. 

j.  The ends of all conduits, whether shop or field cut, shall be 
reamed to remove burrs and rough edges.

k.  A No. 10 AWG, flexible galvanized pull wire shall be installed in 
all new conduits. At least 2 feet of pull wire shall be doubled 
back into the conduit of each terminus. 

l.  Conduits terminating in standards or pedestals shall extend 
approximately 6 inches vertically above the foundation and shall 
be sloped towards the pull box. Conduit entering concrete pull 
boxes shall terminate 2 inches inside the box wall and not less 
than 2 inches above the bottom. At all outlets, conduits shall 
leave in the direction of the run.

m.  The completed duct lines shall be subject to a field test. A 
bullet- shaped test mandrel about 14 inches long with a diameter 
«-inch less than the inside diameter of the conduits shall be 
passed through the entire length of each run to test for freedom 
from burrs and obstructions. Scoring found on the mandrel deeper 
than 1/32-inch, other than that caused by normal abrasion between 
the conduit and bottom of mandrel shall be considered an 
indication of the presence of burrs and/or obstructions in the 
run. The Contractor shall remove such burrs and/or obstructions, 
after which the test mandrel will be passed through again. The 
process will be repeated until a satisfactory result is obtained.

n.  Attention is directed to SP 21.3 F - Bonding and Grounding.

o.  Installation shall include all excavation and backfill and 
restoration  of all existing concrete sidewalks, aprons, 
pavements, and plantings crossed by conduits in accordance with 
the provisions of Section 38, Restoring Pavements and Other 
Improvements of the Standard Specifications of the Department of 
Public Works and the policies of the Division of Engineering, 
Department of Public Works. 

3.5.2   Rigid Metal Conduit
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The ends of each length of conduit shall be threaded. Exposed ungalvanized 
threads resulting from field cuts shall be painted with rust preventive 
paint. All threads shall be painted with rust preventive paint before 
making connections. Connections shall be tightened until the ends of the 
conduits are brought together, providing a good electrical connection 
throughout the entire length of the run.  When a standard coupling cannot 
be used, a threaded union coupling shall be used. The ends of all conduit 
runs shall be capped until wiring is started. When caps are removed, the 
threaded ends shall be provided with conduit bushings. Where the coating 
has been damaged in handling or installing, such damaged places shall be 
painted with rust preventive paint.

a.  The exterior portions of all underground steel conduits not 
encased in concrete shall be given two coats of asphaltic paint.

b.  Where concrete pull boxes are placed in the conduit runs, the 
conduit shall be fitted with threaded bushings and bonded.

3.5.3   Rigid Polyvinylchloride (PVC) Conduit

Conduits shall be cut with a hacksaw or other approved tool. Connections 
shall be of the solvent weld type and shall be made in strict accordance 
with the manufacturer's recommendations. After installation, conduit ends 
shall be capped until wiring is started. PVC fittings for connecting PVC to 
metallic conduit shall be threaded on the metal conduit side.

a.  Expansion joints shall be provided where required to compensate 
for thermal expansion and contraction but not more than 100 feet 
apart. 

b.  Rigid PVC conduit shall not be used for drilling or jacking. 
Bottom of trenches shall be free of sharp irregularities which 
would cause pinching and excessive bending of the conduit.

3.6   TRAFFIC SIGNAL STANDARD BASES, CONTROLLER BASE AND PULLBOXES

a.  The foundations and boxes required shall be carefully constructed 
at the locations designated by the Engineer.  They shall be poured 
in place in areas that have been carefully excavated to receive 
them, except that boxes may be constructed of brick in lieu of 
concrete. Use vibrator to fill voids when pouring concrete 
foundations.  Each unit shall be constructed as detailed on the 
plans and standard details and properly connected with the 
facilities of which it is a component part.

b.  Locations of pull boxes and bases for standards and pedestals as 
shown on the project plans are approximate. Exact locations will 
be determined in the field by the Engineer.

c.  All concrete shall be mixed, placed and cured in accordance with 
Sections 39 and 40 of the Standard Specifications of the 
Department of Public Works, except that hand mixing will be 
allowed.

d.  Pull box frames and covers shall be given two coats of asphaltic 
base paint after installation.
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3.7   BONDING AND GROUNDING

Metallic cable sheaths, metal conduit, grounding wire in non-metallic 
conduit, controllers, service equipment, standards and pedestals shall be 
made mechanically and electrically secure to form a continuous system, and 
shall be effectively grounded.  Bonding and grounding jumpers shall be 
copper wire or copper strap of the same cross sectional areas as No. 8 AWG.

a.  Bonding of standards and pedestals shall be by means of a bonding 
strap attached to a 3/16-inch, or larger, brass or bronze bolt 
installed in the lower portion of the shaft. 

b.  Grounding of metal conduit, service equipment and neutral 
conductor at service point shall be accomplished as required by 
Code and the  servicing utility, except that grounding conductors 
shall be No. 8 AWG, or equal.

c.  For bonding purposes in all non-metallic type conduits, a bare No. 
8 AWG copper wire shall be run continuously in conductor circuits. 

d.  Where non-metallic conduit is to be installed for future 
conductors, the above mentioned copper wire may be omitted.

e.  At each service point, a ground rod shall be furnished and 
installed.  Ground rods shall be installed in accordance with the 
provisions of  the applicable codes.  The service equipment shall 
be bonded to the ground rod by use of a ground clamp and No. 6 AWG 
copper wire, enclosed in «-inch diameter conduit.

f.  Bonding of metallic conduit in concrete pull boxes shall be by 
means of galvanized grounding bushings and bonding jumpers.

3.8   VEHICLE LOOP SENSORS

Vehicle loop sensors shall be installed in accordance with the details 
shown on the plans and standard details.

a.  The locations of vehicle sensor loops as shown on the project 
plans are approximate.  Exact locations will be verified and 
determined in the field by the Engineer.

b.  After reconstruction of pavement area, with a power saw, cut a 
slot deep enough in the road surface for the number of wires to be 
installed.

1)   Do not cut the slot unnecessarily deep.  Keep the loop as 
close to the surface as possible, away from metal reinforcing.

2)  The width of the slot is approximately 3/8 inch.

3)   Knock off all sharp edges or corners of the saw slot that 
might damage insulation.

4)   Clean debris from saw slot with compressed air and allow 
surface and slot to completely dry.

5)   Place one inch of sand in saw slot.

c.  Using Type 4 cable, construct the loop.
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1)   Use three (3) turns per loop, unless otherwise directed by 
the Engineer.

2)   Tamp the wire all the way down in the slot using a blunt 
wooden instrument. (Do not use a screw driver or sharp object that 
might skin the insulation).

3)   The wire should not be pulled tight in the saw    slot as a 
hot joint sealer may cause expansion.

4)   After detector loop is properly installed, place one inch of 
sand in the saw slot above the detector loop wire.

d. Seal the slot in the road surface with hot tar, or latest 
production of 3M Epoxy detector sealant.

3.9   CABLES

Powdered soapstone, talc, or other inert lubricant shall be used in placing 
conductors in conduit.

a.  Hand power only shall be employed in pulling cable, with both the 
conductor and the sheath connected to the pulling wire so as to 
put strain on both.  The use of winches or other power actuated 
pulling equipment will be prohibited.

b.  When new conductors are to be added to existing conductors in a 
conduit, all conductors shall be removed; the conduit shall be 
cleaned and both old and new conductors shall be pulled into the 
conduit as a unit.

c.  At least 5 feet of slack shall be left for each conductor at each 
signal standard and at least 2 feet of slack at each pullbox.  
Where signal conductors are contained in a conduit within the 
standard, the 5 feet of slack in conductors will not be required. 
At least 3 feet of slack shall be left for each conductor at each 
splice. 

d.  When conductors and cables are pulled into the conduit, all ends 
of conductors and cables shall be taped to exclude moisture, and 
shall be kept so until splices are made or terminal appliances 
attached. Ends of spare conductors shall be taped.

e.  All signal light conductors, except branch signal light neutrals, 
shall be run continuously from the terminal block located in a 
cabinet or signal head to a similarly located terminal block 
without splices. Branch signal light neutrals may be spliced at 
pull boxes. 

3.10   CONDUIT RISERS

Conduit riser shall be rigid steel conduit of the sizes shown on the 
drawings, fastened to traffic signal standards with adjustable stainless 
steel band straps. Straps shall be located 6 inches from ends and 5 feet on 
centers at intermediate points of the conduit. Buried portions shall be 
painted with two coats of asphaltic base paint.

3.11   SIGNAL STANDARDS
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a.  Each traffic signal and controller standard shall be installed 
with its shaft precisely vertical on the concrete foundation after 
installation of signals.

b.  Locations of standards as shown on the plans are approximate. 
Exact locations will be determined in the field.

3.12   SIGNAL HEADS

a.  Signal heads shall be assembled to give the signal arrangement 
shown on the plans. All members shall be plumb and level, 
symmetrically arranged and securely assembled. Installation shall 
be such that all conductors are concealed within the standards and 
assembly.

b.  Signal heads shall not be installed at any intersection until all 
other signal equipment, including the controller, are in place and 
ready for operation at the intersection, except that the signal 
heads may be mounted if the faces are covered or are directed away 
from traffic.

c.  Prior to final approval of the traffic signal system, the 
direction of signal heads shall be adjusted as ordered.

3.13   CONTROLLER ASSEMBLIES

The type of controller cabinets and bases are specified on the project 
drawings. The details of concrete bases shown on the drawings shall be 
modified as required to suit the size and designs of cabinets actually 
installed. No adjustments in the contract amount will be made for any 
changes to the design of cabinets or bases specified on the project 
drawings.

        -- End of Section --
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SECTION 16711

TELEPHONE SYSTEM, OUTSIDE PLANT

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C62.61 (1993) Gas Tube Surge Arrestors on Wire 
Line Telephone Circuits

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 2239 (1996a) Polyethylene (PE) Plastic Pipe 
(SIDR-PR) Based on Controlled Inside 
Diameter

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA ANSI/TIA/EIA-607 (1994) Commercial Building Grounding and 
Bonding Requirements for Telecommunications

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

RURAL UTILITIES SERVICE (RUS)

REA Bulletin 345-50 (1979) Trunk Carrier Systems (PE-60)

REA Bulletin 345-65 (1985) Shield Bonding Connectors (PE-33)

REA Bulletin 345-72 (1985) Filled Splice Closures (PE-74)

REA Bulletin 1753F-205 (PE-39) (1993) Filled Telephone Cables

REA Bulletin 1753F-207 (PE-87) (1994) Terminating Cables

REA Bulletin 1753F-208 (1993) Filled Telephone Cables with 
Expanded Insulation (PE-89)

RUS Bulletin 1751F-643 (1998) Underground Plant Design

RUS Bulletin 1753F-302 (PE-91) (1994) Outside Plant Housings and Serving 
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Area Interface Systems

RUS Bulletin 1753F-401(PC-2) (1995) Splicing Copper and Fiber Optic 
Cables

RUS REA Bulletin 1751F-641 (1995) Construction of Buried Plant

RUS REA Bull 1753F-201 (PC-4) (1997) Acceptance Tests and Measurements 
of Outside Plant

RUS REA Bulletin 1755I-100 (1999) List of Materials Acceptable for 
Use on Telecommunications Systems of RUS 
Borrowers

UNDERWRITERS LABORATORIES (UL)

UL 50 (1995; Rev thru Oct 1997) Enclosures for 
Electrical Equipment

UL 497 (1995; Rev Mar 1996) Protectors for Paired 
Conductor Communication Circuits

1.2   SYSTEM DESCRIPTION

The telephone system outside plant system shall consist of all cable, 
conduit, manholes, poles, etc. required to provide signal paths from the 
closest point of presence to the new facility, including free standing 
frames or backboards, terminating cables, lightning and surge protection 
modules at the entry facility.  The work consists of furnishing, 
installing, testing and making operational a complete outside plant system 
for continuous use.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telephone System.
Installation.

Detail drawings, consisting of a complete list of equipment and material, 
including manufacturer's descriptive and technical literature, performance 
charts and curves, and catalog cuts.  Detail drawings shall also contain 
complete configuration information, wiring diagrams and any other details 
required to demonstrate that the cable system has been coordinated to 
support the transmission systems identified in the specifications and 
drawings.  Drawings shall show proposed layout and anchorage of equipment 
and appurtenances, and equipment relationship to other parts of the work 
including clearance for maintenance and operations.

Record Drawings.

Record drawings for the installed wiring system showing the actual location 
of all cable terminations, splices, routing, and size and type of all 
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cables.  The identifier for each termination and cable shall appear on the 
drawings.  The drawings shall include gauge and pair or fiber count for 
each cable, duct and innerduct arrangement, or conductor assignment of 
outside plant, and protector and connector block layout at the termination 
points after installation.

SD-03 Product Data

Spare Parts.
Equipment.

A data list of recommended spare parts, tools, and test equipment for each 
different item of material and equipment specified prior to beneficial 
occupancy.  The data shall include a complete list of parts and supplies, 
with current unit prices and source of supply.

Installation.

Printed copies of the manufacturer's recommendations for the material being 
installed, prior to installation.  Installation of the item will not be 
allowed to proceed where installation procedures, or any part thereof, are 
required to be in accordance with those recommendations until the 
recommendations are received and approved.

Acceptance Tests.

Test plans defining all tests required to ensure that the system meets 
specified requirements.  The test plans shall define milestones for the 
tests, equipment, personnel, facilities, and supplies required.  The test 
plans shall identify the capabilities and functions to be tested.

Cutover and Records.

The cutover plan shall provide procedures and schedules for relocation of 
facility station numbers without interrupting service to any active 
location.

SD-06 Test Reports

Acceptance Tests.

Test reports in booklet form showing all field tests performed, upon 
completion and testing of the installed system.  Measurements shall be 
tabulated on a pair by pair or strand by strand basis.

SD-07 Certificates

Telephone System.

Proof that the items furnished under this section conform to the specified 
requirements in FCC, ICEA, REA, RUS, ANSI, ASTM, NFPA, EIA, or UL, where 
materials and equipment are so specified.

Qualifications.

The qualifications of the manufacturer, splicer, and installation 
supervisor as specified.

1.4   QUALIFICATIONS
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1.4.1   Cable Installers

Installation shall be under the direct supervision of an individual with a 
minimum of 3 years experience in the installation of the specified copper 
and fiber optic cable and components.

1.4.2   Cable Splicing and Termination

All cable splicers shall have training in the proper techniques and have a 
minimum of 3 years experience in splicing and terminating the specified 
cables.  Modular splices shall be performed by factory certified personnel 
or under direct supervision of factory trained personnel for products used.

1.4.3   Manufacturers

The cable, equipment, and hardware provided shall be from manufacturers 
that have a minimum of 3 years experience in producing the types of cable, 
equipment, and hardware specified.

1.5   DELIVERY AND STORAGE

1.5.1   Cable Requirements-

All cable shall be shipped on reels.  The diameter of the drum shall be 
large enough to prevent damage to the cable during reeling and unreeling.  
The reels shall be constructed to prevent damage during shipment and 
handling.  The outer end of the cable shall be securely fastened to the 
reel head to prevent the cable from becoming loose in transit.  The inner 
end of the cable shall project into a slot in the side of the reel, or into 
a housing on the inner slot of the drum, with sufficient length to make it 
available for testing.  The inner end shall be fastened to prevent the 
cable from becoming loose during installation.  End seals shall be applied 
to each of the cables to prevent moisture from entering the cable.  The 
reels with cable shall be suitable for outside storage conditions when the 
temperature ranges from minus 40 to plus 65 degrees C, (minus 40 to plus 
148 degrees F), with relative humidity from 0 to 100 percent.

1.5.2   Equipment

All equipment shall be stored with protection from the weather, humidity 
and temperature variations, dirt and dust, or other contaminants, in 
accordance with the manufacturer's requirements.

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Materials and equipment shall be the standard products of a manufacturer 
regularly engaged in the manufacture of such products and shall be the 
manufacturer's latest standard design that has been in satisfactory use for 
at least 2 years prior to bid opening.  Each major component of equipment 
shall have the manufacturer's name and type identified on the equipment.  
All products supplied shall be specifically designed and manufactured for 
use with outside plant communications systems.  All items of the same class 
of equipment shall be the products of a single manufacturer.

2.2   CABLE
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2.2.1   Copper Conductor Cable

Copper conductor cable shall conform to the following:

2.2.1.1   Underground

Cable shall be manufactured per REA Bulletin 1753F-205 (PE-39) or REA 
Bulletin 1753F-208.  A 0.2 mm (8 mil) coated aluminum or 0.12 mm (5 mil) 
copper metallic shield shall be provided.

2.2.1.2   Screened

Screened cable shall comply with REA Bulletin 1753F-205 (PE-39) orREA 
Bulletin 1753F-208.

2.3   CLOSURES

2.3.1   Copper Conductor Closures

2.3.1.1   Underground Closure

Underground closures shall conform to REA Bulletin 345-72.  The closure 
shall be of thermoplastic, thermoset, or stainless steel material and be 
suitable for use in a vault or manhole.

2.4   CABLE SPLICES AND ORGANIZERS

2.4.1   Copper Cable Splices

All cables greater than 25 pairs shall be spliced using modular splicing 
connectors, which accommodate 25 pairs of conductors at a time.  The 
correct connector size shall be used to accommodate the wire gauge of the 
cable to be spliced.  The connectors used shall be listed in RUS REA 
Bulletin 1755I-100.

2.5   CABLE TERMINALS

2.5.1   Pedestal-Type Cable Terminals

Pedestal-type cable terminals shall conform to RUS Bulletin 1753F-302 
(PE-91).

2.5.2   Cross-connect Cable Terminals

Cross-connect cable terminals shall be weatherproofed for outdoor use and 
suitable for pole, pad, or stake mounting.  The terminal shall be equipped 
with mounting columns and distribution rings for jumper-wire routing.  The 
terminal shall be of aluminum or steel construction and ribbed for strength.

2.6   MANHOLE AND DUCT

All manhole and duct products shall conform to RUS Bulletin 1751F-643.

2.6.1   Duct/Conduit

Conduit shall be furnished as specified in Sections 16415 ELECTRICAL WORK, 
INTERIOR and 16375 ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND and as shown 
on project drawings.
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2.6.2   Innerduct

Innerduct shall be SIDR 11.5 polyethylene plastic pipe conforming to ASTM D 
2239.

2.7   EQUIPMENT RACKS

Distribution frames, cabinets, and back-boards shall be provided as shown 
and designed to mount connector blocks, protector blocks, cross connects, 
and other hardware required to terminate and protect the outside telephone 
plant cable; to provide a demarcation point between inside and outside 
plant cable; and to allow inside and outside plant cable to be cross 
connected.

2.7.1   Wall Mounted Cabinets

Wall mounted cabinets shall conform to UL 50 and have boxes constructed of 
zinc-coated sheet steel with dimensions not less than shown on drawings.  
Trim shall be fitted with hinged door and flush catch.  Doors shall provide 
maximum openings to the box interiors.  Boxes shall be provided with 19 mm 
(3/4 inch) plywood backboard painted white or a light color.  A duplex AC 
outlet shall be installed within the cabinet.

2.8   CONNECTOR BLOCKS

Connector blocks consisting of flame-retardant molded plastic fastened to a 
metal mounting bar shall be provided to terminate the outside plant cable 
as shown.  The connector blocks shall be of 100-pair block size and 
equipped with protection modules.  The connector blocks shall be 24 gauge 
stub type.  The cable stubs shall be 100 pair and conform to REA Bulletin 
1753F-207 (PE-87).

2.9   PROTECTOR MODULES

The protector modules shall be of the two-element gas tube type.  
Protection modules shall be heavy duty, A>10 kA, B>400, C>65A where A is 
the maximum single impulse discharge current, B is the impulse life and C 
is the AC discharge current per ANSI C62.61.  The gas modules shall shunt 
high voltage to ground, fail short, be equipped with an external spark gap 
and heat coils, and shall comply with UL 497.

2.10   MISCELLANEOUS ITEMS

2.10.1   Shield Connectors

Shield connectors shall make a stable, low-impedance electrical connection 
between the shield of the communications cable and a conductor such as a 
strap, bar, or wire.  The connector shall be made of tin-plated tempered 
brass.  Shield bond connectors shall comply with REA Bulletin 345-65.

2.10.2   Grounding Braid

Grounding braid shall provide low electrical impedance connections for 
dependable shield bonding.  The braid shall be made from flat tin-plated 
copper.

2.10.3   Warning Tape
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Marking and locating tape shall be acid and alkali resistant polyethylene 
film, 150 mm  wide with a minimum strength of 12.1 MPa  lengthwise and 10.3 
MPa  crosswise.  The tape shall be manufactured with integral wires, foil 
backing, or other means to enable detection by a metal detector when the 
tape is buried up to 1 m  deep.  The metallic core shall be encased in a 
protective jacket or provided with other means to protect it from corrosion 
and shall be specifically manufactured for marking and locating underground 
utilities.  The warning tape shall be orange in color and continuously 
imprinted with the words "WARNING - COMMUNICATIONS CABLE BELOW" at not more 
than 1.2 m  intervals.

2.10.4   Cable Warning Signs

Cable warning signs, which identify the route of buried cable, shall be 
stake mounted.  The stake shall be driven into undisturbed soil and the 
sign shall be mounted to the stake in accordance with the manufacturer's 
instructions.  Warning signs shall be placed at intervals of no more than 
152.5 m  and at each change of direction in the cable route.  Warning signs 
shall also be placed on each side of every crossing of surface obstacles 
such as roads, railroads, stream crossings, or any similar crossing where 
excavation is likely to occur.

PART 3   EXECUTION

3.1   INSTALLATION

All system components and appurtenances shall be installed in accordance 
with the manufacturer's instructions and as shown.  All installation work 
shall be done in accordance with the safety requirements set forth in the 
general requirements of IEEE C2 and NFPA 70.

3.1.1   Cable Inspection and Repair

All cable and wire used in the construction of the project shall be handled 
with care.  Each reel shall be inspected for cuts, nicks or other damage.  
All damage shall be repaired to the satisfaction of the Contracting 
Officer.  The reel wrap shall remain intact on the reel until the cable or 
wire is ready to be placed.

3.1.2   Underground Cable

Underground cable installation shall be accomplished in accordance with the 
requirements set forth in RUS REA Bulletin 1751F-641.

3.1.2.1   Cable Pulling

For cable installed in ducts and conduit, a cable feeder guide shall be 
used, between the cable reel and the face of the duct and conduit, to 
protect the cable and guide it into the duct and conduit as it is paid off 
the reel.  As the cable is paid off the reel, it shall be inspected for 
jacket defects.  Precautions shall be taken during installation to prevent 
the cable from being kinked or crushed.  A pulling eye shall be attached to 
the cable and used to pull the cable through the duct and conduit system.  
Cable shall be hand fed and guided through each manhole.  As the cable is 
paid off the reel into the cable feeder guide, it shall be sufficiently 
lubricated with a type of lubricant recommended by the cable manufacturer.  
Where the cable is pulled through a manhole, additional lubricant shall be 
applied at all intermediate manholes.  Dynamometers or load-tension 
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instruments shall be used to ensure that the pulling line tension does not 
exceed the installation tension value specified by the cable manufacturer.  
The mechanical stress placed upon a cable during installation shall not 
cause the cable to be twisted or stretched.

3.1.2.2   Penetrations for Cable Access

Penetrations in walls, ceilings or other parts of the building, made to 
provide for cable access, shall be caulked and sealed.  Where conduits and 
ducts pass through fire walls, fire partitions, above grade floors, and 
fire rated chase walls, the penetration shall be sealed with fire stopping 
materials. Fire stopped penetrations shall not compromise the fire rating 
of the walls or floors.  All underground building entries shall be through 
waterproof facilities.

3.1.2.3   Cable Bends

Telephone cable bends shall have a radius of not less than 10 times the 
cable diameter.  Only large radius sweeps shall be used in conduit runs and 
shall not exceed a cumulative 90 degrees between manholes.

3.1.3   Manhole and Ducts

Manhole and duct systems shall be installed in accordance with Section 16375
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.  Manholes shall be placed in 
line with the main duct.  Splice cases shall be mounted in the center on 
the long sides.  Lateral conduits shall exit the long sides near the 
corners.

3.1.3.1   Innerduct Installation

Innerduct shall be pulled through existing duct-manhole system in 
continuous sections.  Splices, joints, couplings, or connections of any 
type will not be allowed between manholes.  Innerduct shall be plugged at 
both ends with polyurethane foam duct seal; this material shall also be 
inserted between the innerduct and the duct if cables are placed in the 
innerducts.  Only one cable shall be installed in a given innerduct.  
Existing and new unoccupied innerducts shall be trimmed leaving 50 mm (2 
inches) exposed.

3.1.3.2   Pull Cord

Pull cords of 10 mm (3/8 inch) polypropylene shall be installed in all 
unused ducts and inner-ducts with a minimum of 610 mm (2 feet) spare cord 
protruding from each end.

3.1.4   Surge Protection

Except for fiber optic cable, all cables and conductors, which serve as 
communication lines, shall have surge protection meeting the requirements 
of REA Bulletin 345-50 installed at the entry facility.

3.2   SPLICING

3.2.1   Copper Conductor Splices

Copper conductor cable splicing shall be accomplished in accordance with 
RUS Bulletin 1753F-401(PC-2).  Modular splicing shall be used on all cables 
larger than 25 pairs.
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3.3   GROUNDING

Except where specifically indicated otherwise, all exposed non-current 
carrying metallic parts of telephone equipment, cable sheaths, cable 
splices, and terminals shall be grounded.  Grounding shall be in accordance 
with requirements of NFPA 70, Articles 800-33 and 800-40.

3.3.1   Ground Bars

3.3.1.1   Telecommunications Master Ground Bar (TMGB)

A copper TMGB shall be provided, in accordance with EIA ANSI/TIA/EIA-607, 
to be the hub of the basic grounding system by providing a common point of 
connection for ground from outside cable, MDF, and equipment.  The TMGB 
shall have a ground resistance, including ground, of 10 ohms or less.

3.3.1.2   Telecommunications Ground Bar (TGB)

Copper TGB shall be provided in accordance with EIA ANSI/TIA/EIA-607 in 
each communications closet and room and each frame.  The TGB shall be 
connected to the TMGB in accordance with EIA ANSI/TIA/EIA-607.  Each TGB 
shall be connected to the TMGB by the most direct route utilizing a copper 
wire conductor with a total resistance of less than 0.01 ohms.

3.3.2   Incoming Outside Plant Cables

All incoming outside plant cable shields shall be bonded directly to the 
TMGB or the closest TGB.

3.3.3   Cable Stubs

All shields of cable stubs shall be bonded to a TGB located on the frame.

3.3.4   Shields

The shields of all incoming cables shall not be bonded across the splice to 
the cable stubs.

3.3.5   Protection Assemblies

The protector assemblies shall be mounted directly on the vertical frame 
ironwork.  The assemblies mounted on each vertical frame shall be connected 
with a No. 6 AWG copper conductor to provide a low resistance path to the 
TGB.

3.3.6   Manholes

The shields of all cables in each manhole shall be bonded together by a 
bonding wire or ribbon.  At intermediate manholes, where the cable is 
pulled through without a sheath opening, bonds are not required.  If the 
manhole has a lacerating bonding ribbon, the shields of spliced cables 
shall be attached to it.

3.4   CUTOVER AND RECORDS

All necessary transfers and cutovers, shall be accomplished by the 
Contractor.
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3.5   ACCEPTANCE TESTS

The Contractor shall provide all personnel, equipment, instrumentation, and 
supplies necessary to perform all required testing.  Notification of any 
planned testing shall be given to the Contracting Officer at least 14 days 
prior to any test; testing shall not proceed until after the Contractor has 
received written Contracting Officer's approval of the test plans as 
specified.  The test plans shall define all the tests required to ensure 
that the system meets technical, operational, and performance 
specifications.  The test plans shall define milestones for the tests, 
equipment, personnel, facilities, and supplies required.  The test plans 
shall identify the capabilities and functions to be tested.

3.5.1   Copper Conductor Cable

The following acceptance tests shall be performed in accordance with RUS 
REA Bull 1753F-201 (PC-4):

a.  Shield continuity.

b.  Conductor continuity.

c.  Conductor insulation resistance.

d.  Structural return loss.

e.  Cable insertion loss and loss margin at carrier frequencies.

f.  Shield ground for single jacketed cables.

g.  DC loop resistance.

        -- End of Section --
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